College Algebra Real Mathematics Real People 7th
edition Larson Solutions Manual

SKU: 9781305071728-SOLUTIONS

College Algebra Real Mathematics Real People 7th edition Larson Solutions Manual


https://testbank.online/books/9781305071728-solutions

CHAPTER 2
Solving Equations and Inequalities

Section 2.1 Linear Equations and Problem Solving

1. equation g 6x 19
2. ax+b=0 2 7 14
(@ x=-2
3. extraneous -2 6(-2)219
_— =
4. formulas 2 7 14
-14-24 919
5. The equation x +1=3 is a conditional equation. 2 12
. x 1 , , 38219
6. To clear the equation 2 +1= 1 of fractions, multiply 2 14
both sides of the equation by the least common x=-2 is not a solution.
denominator of all the fractions, which is 4. (b)) x=1
6(1
5 4 1. 6(1)219
L 27 14
s 4 19 19
2 — =
a ——————=3 14 14
2(-112) (-12) x =1is a solution.
3=3 1
x=—+is a solution. © x= D
5 42
) 213 Y2, 6(12) 2 19
2(4) 4 2 714
7/2+6 219
33 /246219
14 14
x =4 is not a solution. 2 " Q
5 4 . . 28 14
(¢) ———— is undefined. 1
2(0) 0 X =— is not a solution.
x=0 is not a solution. 2
5 49 d x=7
dH — —— = 7
@ 2(1/4) /4 l+ﬂ=2
2 7 14
—-6#3 7 19
1. . —+6=—
x = is not a solution. 2 14
19219
2 14

x =7 1is not a solution.
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9. 5 +3=4
@ YS*E 32y
6
L
6
x =-3 is not a solution.
b YOt 32y
6
19,4
3
x =0 is not a solution.
(© Y2L*4 .52y
6
L
6
x =211is not a solution.
(d) —“32-‘-44.3l4
6
4=4
x =32 is a solution.
3 —
10. x3 8
(@ x=4
Ja-8 1
3
Ja
# —1
3
x = 4 1is not a solution.
b x=0
J0-8 2 4
3
3/_g
= -1
3
=2,
3
x = 0 1is not a solution.
() x =-19
3/219 _g 2
J-19-8 7
3
3/-27 ?
= -1
3
S
3
x = —19is a solution.

Section 2°1, Linear Equations and Problem Solving 139

11.

12.

13.

14.

15.

16.

17.

18.

d x=16
Ji6-8 !
3
MO
3
2,
3

x = 161is not a solution.

2(x—1)=2x—2is an identity by the Distributive

Property. It is true for all real values of x.

—5(x—1)==5(x+1) is a contradiction. There are no

real values of x for which it is true.
—Sx+5=-5x-5
5#-5

(x + 3)(x — 5) =x’ —2(x + 7) is a contradiction. There

are no real values of x for which it is true.
¥ =2x—15=x>-2x-14
-15#-14

x —8x+5:()c—4)2 —11 is an identity since
(x—4) —11=x" —8x+16—11= x> —8x+5. Itis true

for all real values of x.

(x + 6)2 = (x + 8)(x + 2) is a conditional. There are

real values of x for which the equation is not true (for
example, x = 0).

(x + I)(x = 5) = (x + 3)(x — 1) is a conditional. There

are real values of x for which the equation is not true (for
example, x = 0).

1 4
3+ = is conditional. There are real values of x
x+1 x+1

for which the equation is not true (for example, x =0).

§+2 =24 is conditional. There are real values of x for

X X
which the equation is not true (for example, x=1).
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140 Chapter 2 Solving Equations and Inequalities

19. Method 1: 352X _y 2. Jw-5=2xAT
8§ 3 3x-2x=7+5
9x—32x _4 x=12
24
—23x=96 24, 5x+3=6-2x
__9% Sx+2x=6-3
23 Tx=3
3x  4x . 3
Method 2: Graph y, Y and y, =4 in the same x==
7
viewing window. These lines intersect at
ved1739~-28 25. 3(y-5)=3+5y
2 3y—15=3+5y
.oz ~18=2
20. Method I: —=-—==6 y
8 10 y=-9
(-4}
8 10 26. 4(z-3)+3z=1+82
Z[%J=6 47 -12+3z =1+ 82
6(30 7z =12 =1+ 82
z= ( )=&z21.8182 -z =13
22 1
3x x z=-13
Method 2: Graph y, :?_B and y, =6 in the same
o o 27. I3
viewing window. The lines intersect at 5 2
x=218182~ 220 225 _g
11 10
—3x=30
21. Method 1: 2—5x+5x=% x=-10
2x+25x:i 28. 37x+£:_5
5 3 4 2
20
2x=" 4(31 4 EJ = 4(-5)
3 4 2
x:i;& 3x + 2x = =20
3(27) 81 Sy = —20
2x 4. =4
Method 2: Graph y, = ?+ Sx and y, =3 in the same X =
viewing window. These lines intersect at 29 5x—4 2
2 : -3
x:0.2469z—0. 5x+4 3
81 3(5x—4)=2(5x+4)
4y 16 15x-12=10x+8
22. Method 1: ?—Zy—? Sc=20
4y—6y _E x=4
3 5
1 1
28 3. Ox+3 _1
2y=— S5x+6 2
524 20x+6=5x+6
== 15x=0
Y 5
x=0

4 16
Method 2: Graph y, = ?x —2xandy, = 5 in the same

viewing window. These lines intersect at

x=—48= —E.
5
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32.

33.

34.

35.

3z
—(z-4)+—==4
(2-4)+ 5 =%
28,32y,
5 5 10
8,
10 5
_8_33
5 10
16
2
33
3—x+l(x—2)=10
2 4
3x 1
(4)(—j+(4)—(x—2)=(4)10
2 4
6x+(x—2)=40
Tx—-2=40
Tx=42
x=6
7+y 3245 100
y y
17+ 32+
(y) =2+ ()= =100(y)
y y
17+y+32+y =100y
49 +2y =100y
49 =98y
1_
2 y
x —11 _X= 9 +2
X X
x—11  x-9+2x
X X
x—-11 _ 3x-9
X X
x—11=3x-9
-2 =2x
-1=x

1 1 10
+ =
x=3 x+3 x*-9
(x+3)+(x=3) 10
-9 -9
2x=10
x=5

Section 2.1, Linear Equations and Problem Solving 141

36. LT B S
x-2 x+3 xX*+x-6
(x2+x—6)L+(x2+x—6)i:(x2+x—6) >
x—2 x+3 X +x—6
(x+3)+3(x—2)=4
x+3+3x-6=4
4x-3=4
4x="7
7
x=—
4
37. l+ 2 =0
x x-=5
1(x—5)+2x=0
3x-5=0
3x=5
5
x:_
3
38. 3=2+ 2
z+2
1= 2
z+2
z+2=2
z=0
39. 2 _ 1 + 2

4=x
In the original equation, x =4 yields a denominator of 0.
So, x =4 is an extraneous solution, and the original
equation has no solution.

2 1
40. +£ =

x(x—2) x x=2

2+5 (x - 2) =x
2+5x-10=x
4x=8
x=2
In the original equation, x = 2 yields a denominator of 0.

So, x =2is an extraneous solution, and the original
equation has no solution.
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142 Chapter 2 Solving Equations and Inequalities

41. 3 +i= !
x(x—3) x x-3
3+4(x-3)=x
3+4x—-12=x

3x=9

x=3

In the original equation, x = 3 yields a denominator of 0.

So, x =3 is an extraneous solution, and the original
equation has no solution.

x+5
42. —— =—2=
X

9]
~

6 3(x+
x(x+3);—x(x+3)x+ :x(x+3)m

6(x+3)—2x=3(x+5)
6x+18-2x=3x+15
4x+18=3x+15
x=-3
In the original equation, x =—3 yields a denominator of 0.

Thus, x = =3 is an extraneous solution, and the original
equation has no solution.

43. A =lbh
2

2A=bh
24 _
b

h

44. A:%(a+b)h

2A =ah+bh
2A—ah=>bh

2A—ah:b

45. A=P(1+L]

-

n

P:A(1+L]
n

46. A=P+Prt
A—P=Prt

_A-P

© Pt

r

3V =nr’h

49. Female: y = 0.386x — 19.20

For y = 43,
43 = 0.386x — 19.20
62.2 = 0.386x
161.14 = x.

The height of the female is about 161.14 centimeters.

50. Male: y = 0.442x — 29.37

48 = 0.442(175) - 29.37
48 = 47.98

0

Yes, the estimated height of a male with a 48-centimeter
thigh bone is about 175 centimeters.

51. (a)

(b)y I=1.5w
P=21+2w=2(1.5w)+2w="5w
(©) 25=5w:>w=5mandl=(1.5)(5)=7.5m

Dimensions: 7.5 mXx5 m

52. (a)
h
w
®) h=Zw
P=2h+2w=2(3w)+2w=4w+2w="Lw
() P=3=Lw=w=3=09mand

h=2(0.9)=0.6 m

Dimensions: 0.6 mx0.9 m
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Section 2.1, Linear Equations and Problem Solving 143

1 2 4
53. (a) Test Average = test 1 + test 2 + test 3 + test

4
(b) Test Average = test 1 + test 2 + test 3 + test4

4

o = B3+ + 8+ x

4
90 = 268 + x
4
360 = 268 + x
92 = x

You must earn at least 92 points on the fourth test to
earn an A in the course.

54, Sales: Monday, $150
Tuesday, $125
Wednesday, $75
Thursday, $180

Friday, $x
Average: 150 +125 +575+180+x ~150
530+ x ~150
530+x=750
x=3%$220

55. Model: distancez(rate)(time)

The salesperson drove 50 km in a half hour, therefore the
50 km 100 km

1/2hr  hr’
Since the salesperson continues at the same rate

to travel a total distance of 250 km, the time
distance 250 km

rate 100 km/hr

rate is

=2.5 hours.

required is

56. Model: distancez(rate)(time)

Total distance = ( rate #1) ( time # 1) + (rate #2) (time #2)

336 = (582} + (522](6 1)
hr hr

336 =58t +312-52¢
24 =6t
4=t
The salesperson traveled for 4 hours at 58 mph and then 2
hours at 52 mph.

57. Model: (Distance) = (rate)(time, + time, )

Labels: Distance =2 -200 = 400 miles, rate = r,
_ distance _ 200

time, = ———— =—— hours,
rate, 55
. distance 200
time, =————=—— hours
rate, 40
Equation: 400=r 200 + 200
55 40
400 = 1600 N 2200 _ 3800 P
440 440 440
43.6=r

The average speed for the round trip was approximately
46.3 miles per hour.

_ Distance _ 50 kilometers

58. Rate =100 kilometers/hour
Time 3 hours
. Total distance 300 kilometers
Total time = = -
Rate 100 kilometers/hour
=3 hours

59. Let x = height of the pine tree.
x 36
20 24
24x =720

x =30 feet
The pine tree is approximately 30 feet tall.

60. (a) f

e—— 30 ft —>+—
5ft

(height of pole)

(b) Model: -
(helght of pole's shadow)

(height of person)

B height of person's shadow
Labels: height of pole = A,

height of pole's shadow

=30+ 5=35 feet,

height of person =6 feet,

height of person's shadow =5 feet
6

Equation: LA =—
35 5

h=2.35-4
5

The pole is 42 feet tall.
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144 Chapter 2 Solving Equations and Inequalities

61. [ = Prt 66. Let x =amount invested in 8%10 frames, and
200 = 8000r(2) y =amount invested in 5x7 frames.
200 = 16,0007 x+y=4500= y=4500—-x
200 0.25x +0.22y = 0.24(4500) = 1080
16,000 0.25x+0.22(4500 — x) = 1080
r = 0.0125, or 1.25% 0.03x=90
62. Let x= tin41% fund * = 3000
- et x=amountn 43 7% un. ) So, $3000 is invested in 810 frames and
Then 12,000 - x = amount in 5% fund. $4500 — $3000 = $1500 is invested in 57 frames.
560 = 0.045x +0.05(12,000 — x) '
560 = 0.045 + 600 — 0.05x 67. A=—bh
x=8000 h_T_—13,5 =27 ft
You must invest $8000 in the 4+ % fund and .
12,000 — 8000 = $4000 in the 5% fund. 68. Let x =length of side of square I, and
y = length of side of square II.
63. Model: Total pounds at $5.25 = pounds at 4x=20=>x=5
$2.50 + pounds at $8.00 4y=32=y=8

Labels: x = .
abels: x = pounds of peanuts at $2.50 Hence, square III has side of length 5+ 8 =13.

100 — x = pounds of walnuts at $8.00 Area =13* =169 square inches

x(2.50) + (100 — x)(8.00)

Equation: 100(5.25)

69. (a)

525 = 2.5x + 800 — 8x h
275 = 5.5x
50 = x !

The mixture contains 50 pounds at $2.50 and

(b) 1=3w, h=(11)w
100 — 50 = 50 pounds at $8.00.

V =lwh=(3w)(w)($w)=2304

64. Initially, the forester has % gallons of gas and 2w =2304
— gallons of oil. w'=512
ﬁ+i:2 w =28 inches
33 33 Dimensions: 24x8x12 inches

64/33 -3
2/33 4 .

Suppose she adds x gallons of gas.

4
64/33+x 40 57[)’3 = 6255
2/33 ! 5 _ 18,765
which gives x=1¢ gallon. Ay
65. Model: Total profit = profit on notebooks + profit r=3 18,765 ~ 11.43 cm
on tablet 4r

Labels:
x = amount invested in notebook computers

40,000 — x = amount invested in tablet computers

Equation: (0.24)(40,000)

0.20x + 0.25(40,000 — x)

9600 = 0.2x + 10,000 — 0.25x
—400 = —0.05x
8000 = x

So, $8000 is invested in notebook computers and
$40,000 — $8000 = $32,000, invested in tablet

COMPUters.
© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

College Algebra Real Mathematics Real People 7th edition Larson Solutions Manual


https://testbank.online/books/9781305071728-solutions

Section 2.1, Linear Equations and Problem Solving 145

71. Solve the temperature for C. 73. Let x =the wind speed, then the rate to
P 9C L3 the city =600 + x, the rate from the city = 600 — x, the
"5 distance to the city = 1500 kilometers, the distance
F_3 = 9 c tra}veled so far in the return'
5 trip =1500 —300 = 1200 kilometers.

SF-3)=c Time = DiStance
9 Rate

5 1500 1200
F =173 C = 6(73 - 32) = C = 22.8° 600 + x 600 — x

5 1500(600—x)=1200(600+x)
F =74°% C = 5(74 -32) = C = 233°

900,000 —1500x = 720,000 +1200x

180,000 = 2700
F=76%C=2(76-32) = C = 24.4° *
9 200
5 R
F =78 C = 6(78 -32) = C = 25.6° 200
s Wind speed: =S km/h
F =82 C = 5(82 -32) = C = 27.8°
5 74. Let h=height of the building in feet.
F =179 C = 6(79 -32) = C = 26.1°
F=74:C= 2(74 -32) = C =~ 233°
S
30 ’I ’
O 2 // ;]I“[
g 26 I<— 80 ft —>1 3%&
g 2% Not drawn to scale
%L 22
= hfeet 4 feet
* ——— 80 feet 3.5 feet
EEEREER R 80 3.5
Time 3.5h =320
72. Solve the temperature for C. h=91.4 feet
F =§c+32 75, Wx=W,(L-x)
9 50x:75(10—x)
F-32=C 50x =750 - 75x
5 125x =750
§(F -32)=C x =6 feet from the 50-pound child
C = 3(74.3 -32) 76.  Wx=W,(L-x)
5 W, =200 pounds
¢ = §(42-3) W, =550 pounds
C = 235° L =5 feet

200x =550(5-x)
200x = 2750 — 550x
750x = 2750

x =4 feet
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146 Chapter 2 Solving Equations and Inequalities

77. False. x(3—x)=10 is a quadratic equation. 87. y =5-4x

y

—x*4+3x=10 orx* -3x+10=0

78. False.
Volume of cube = (9.5)3 =857.375 cubic inches
Volume of sphere = %71'(5.9)3 =~ 860.29 cubic inches

79. Youneed a(-3)+b=c(-3) orb=(c—a)(-3)=3(a—c).
One answeris a=2, c=1land b=3 (2x+3=x) and

anotheris a=6,c=1, and b=15 (6x+15=x). o8

80. You need a(O) +b=corb=c. So, acan be any real

number except 0. One answer is a =1and
b=c=4:x+4=4.

81. You need a[%)+b:c or a +4b = 4c. One answer is
1
a=2and b=1.So, 2+4[Ej=4=4c36=1.
.. 1
The equation is 2x+E:1‘

82. Youneed a(—2.5)+b=c. One answer is
a=-landb=2. So, -1(-2.5)+2=45=c.
The equation is —x+2 =4.5.

83. In the original equation, x =1 yields a denominator of

zero. So, x =11is an extraneous solution and therefore
cannot be a solution to the equation.

84. (a)
Height of building _ Height of pole R
Length of building's shadow  Length of pole's shadow 90. y=4- 3"
X 4 y
by =2
® 30 3
8s. 6 3 4

(x—3)(x—1) - x—3+x—1

To clear this equation of fractions, find the least common
denominator (LCD) of all terms in the equation and multiply
every term by this LCD. It is possible to introduce an
extraneous solution because you are multiplying by a

variable. To determine whether a solution is extraneous, 1.

substitute the answer for the variable in the original equation y

or graph the original equation. 5
86. Sx+2c=12+4x-2c, x=2 !

5(2)+2c=12+4(2)-2c

104+2¢c=20-2¢c
4c=10
c=5

2
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92.

y=|x—2|+10

v

Section 2.2 Solving Equations Graphically 147

Section 2.2 Solving Equations Graphically

10.

x-intercept, y-intercept

zero

The x-intercepts of y = f(x)are (1, 0) and (1, 0).
The y-intercept of y=g(x)is (0,—1).

The zeros of the function fare x=—1and x=1.

The solutions of the equation f(x)=g(x) are

x=—+andx=1.

y=x-5
Let y=0: 0=x—5:(5, 0) x-intercept
Let x=0: y=0—53y=—5:(0, —5) y-intercept

y=—2x-3
Lety=0:
0=—2x-3=3x=-3=x=-4=(-4, 0) x-intercept

Letx=0:
y=—2(0)-3=-3=(0, —3) y-intercept

y=x>+2x+2

Let y=0: x* +2x+2=0=> no x-intercepts
Let x=0:

y=(0)"+2(0)+2=2=(0, 2) y-intercept

y=4-x

Let y=0:

0=4-x*=x=2, —2:>(2, O), (—2, O) x-intercepts
Let x=0:

y=4-0"=4=(0,4) y-intercept

11.

12.

13.

14.

y=rlxi2
Let y=0:

0= x«/ﬁz x=0, -2=> (0, O), (—2, 0) Xx-intercepts
Let x=0:

y=0J0+2=0= (0, 0) y-intercept

y:—%x\/m+l

Let y=0:

0=—Lxx+3+1= Lxfx+3+1=2xx+3=2
= (x+3)=4=x"+3x°-4=0
:(x—l)(xz+4x+4)=0:>(x—1)()c+2)2 =0
:>x=1:>(l, 0) (x=—2 is impossible)

Let x=0=y=1= (0, 1) y-intercept

4x - 8
y =
X
Let y = 0:
0= 4x — 8
X
0=4x-8
8 = 4x
2 = x = (2,0) x-intercept
Let x = O:
40) -8 . .
y = TIS impossible. No y-intercepts
_3x-1
Y 4x
Let y=0:

0=3x-1=>x=1= (%, O) x-intercept

Let x=0: 0=-1 is impossible. No y-intercepts
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148 Chapter 2 Solving Equations and Inequalities

15. xy—-2y—-x+1=0
Let y=0:
0=-x+1=0=>x=1=(1,0)
Let x=0:
-2y+1=0=y=4=(0, 1) y-intercept

x-intercept

16. xy —x+4y =3
Let y = 0:
x(0) — x + 4(0) = 3
-x =3

x = =3 = (=3, 0) x-intercept

Let x = 0:
(0)y = (0) +4y =3
4y =3
= é = [0 éj -intercept
y 1 "1 y p

-16

x-intercept: 3(x —2) =5 =10
3x-6-5=0
3x =11

x:ESLE,OJ
3 3

y-intercept: y = 3(0 —2) -5
y=-6-5
y = -11 = (0,-11)

18. y=4(x+3)-2

T 10

—2
x-intercept: 0=4(x+3)-2
0=4x+10
4x=-10
x=—i= (—%, O)
y-intercept: y = 4(0 + 3) -2
y=10=(0, 10)

19.  y=20-(3x-10)

40

L

Y 40

-10

x-intercept:  0=20-(3x—10)
0=20-3x+10
0=30-3x
3x=30
x=10=(10, 0)
y-intercept: y =20 — [3(0) - IOJ
y=30=(0, 30)

20. y=10+2(x-2)

12

12 7 12
o
x-intercept:  0=10+2(x-2)
0=10+2x-4
0=6+2x
2x=6
x=-3=(-3,0)

y-intercept: y=10+2(0-2)
y=6=(0, 6)

2. f(x)=4(3-x)

4(3-x)=0
3—x=0
x=3
15
-12 \ 12
-3
22. f(x)=3(x=5)+9
3x-15+9=0
3x=6 4

x=2 /
-4
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23. f(x)zx3 —6x7 +5x
¥ —6x>+5x=0
x(x2—6x+5)=0
x(x—5)(x—1)=0
x=0,5,1

24. f(x):x3 —Ox* +18x
X —9x*+18x=0
x(x—S)(x—6)=0
x=0,3,6

25, f(x):x+1—x_2+l

2
Tx+1)-2(x—-2)+14=0
Tx+7-2x+4+14=0

5x+25=0
5x = =25
x=-=5
9
-15 ‘-"’”'Jf—-gg
,-"'ff
it vei
-7
26. f(x)zx—3—£
x
x—3—£=0
X
x*=3x-10=0
(x—S)(x+2)=0
x=5 -2

4

L
/1 /

Section 2.2 Solving Equations Graphically

27. 27x-04x=12

28.

29.

30.

31.

23x=1.2
x:ﬁ:ﬁ:o,szz
23 23
f(x)=2.7x-04x-12=0
23x-1.2=0

x=0.522
3.6x — 82 = 0.5x

3.1x =82
82
31 31
f(x) =36x-82-05x=0
31x-82 =0
8
31
12(x +2) =15(x — 4) - 3
12x + 24 = 15x — 60 - 3
—3x = -87
x =29
f(x)=12(x+2)-15(x - 4) + 3 =
-3x+ 87 =

X =

1200 =300+ 2(x—500)
900 =2x-1000
1900 =2x
x=950
£(x)=300+2(x-500)-1200=0
300+2x—-1000-1200=0

2x—1900=0
x=950
3—x+—(x+2):10
2
_+£:10_l
4 2
7x_19
4 2
38
X=—
7
3x
f(x)=?+—(x+2)—10=0
éx+lx+l—10=0
2
A
4 2
7x-38=0
38
x=—
7

29

149
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150 Chapter 2 Solving Equations and Inequalities

2. 2 los)=6 3. A3_x03
302 25 12
(g+ljx=£+6 12(x-3)=25(x-5)
32 2 12x-36=25x—125

7,17 13x =89
6~ 2
5] =3 6846
x="5=7.286 13
x—-3 x-5
=222 0

25 12
12(x~3)~25(x~5)=0
12x-36-25x+125=0

f(x):§x+%(x—5)—6=0

4x+3(x-5)-36=0
4x+3x-15-36=0

~13x+89=0
7Tx=51=0 13x-89=0
x=17.286 x=6.846
x=5 x
33. 0.60x+0.40(100—x)=1.2 37. 7ty
0.60x +40—0.40x =12 (x=5)+2x=40
0.20x =-38.8 v 45
x=-194 =15
£(x)=0.60x+0.40(100-x)-1.2=0 xSx oo
0.60x+40—-0.40x—~1.2=0 flo)===+5-10=
0.20x+38.8=0 Xx—5+2x-40=0
x=-194 3x—-45=0
x=15
34. 0.75x + 0.2(80 — x) = 3.9
0.75x + 16 — 0.2x = 3.9 = 0 38. XII)S _ x;3 -1
0.55x +12.1 =0
(x—S)—Z(x—3)=10
55x = —1210
2 x—-5-2x+6=10
X =-
—x=9
f(x) = 0.75x + 0.2(80 — x) =39 = 0 v=—9
0.55x +12.1 = 0 Flo)=22 23 1
55x +1210 = 0 105
e m x=5-2(x=3)-10=0
x=5-2x+6-10=0
35 x-3 3x-5 -x-9=0
) 3 2 x+9=0
2(x=3)=3(3x-5) x=-9
2x-6=9x—-15 )
9=7x 39. (x+2) =x’—6x+1
9 1,286 X +dx+4=x"-6x+1
r=g =128 10x=-3
_ — =_3 =_
f(x):x33_3x2520 x=-2=-03

f(x)=(x+2)2—x2+6x—1=0

2(x-3)-3(3x-5)=0
X +dx+4-x"+6x—1=0

2x—=6-9x+15=0

io—0 10x+3=0
7x-9=0 ¥=-03
x=1.286
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40.  (x+1) +2(x=2)=(x+1)(x-2)
X A+2x+1+2x—4=x"—x-2
Sx=1
x=+=02

F(x)=(x+1) +2(x=2)=(x+1)(x=2)=0
X+ 2x+142x—4— (¥ —x-2)=0

X 4+4x-3-x"+x+2=0

5x-1=0
x=0.2
41. ¥ +x+4=0
x=-1.379
7
-6 || 6

-1

42, 2xX°+x+4=0
x=-1.128

|

-8

43. L(¥ -10x+17)=0
x=2.172,7.828

/]

CITTTRF

-3

7

4. —L(x¥ -6x+6)=0
x=1.268, 4732
3

-5 /ﬂ\\ 10

45. 2x°—x*—18x+9=0
x=-3.0,0.5.3.0

LAY
Y

-20

-7

Section 2.2 Solving Equations Graphically

46.

47.

48.

49.

50.

4x’ +12x" —26x-24=0
x=-4.206, —0.735, 1.941

60

LA

X =3 -3

—-1.861

=
N

151
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152 Chapter 2 Solving Equations and Inequalities

56. [4x+1)+2=8

51. —=1+ 5
X Xt [4x+1]-6=0
333 o)
. ) x=-1.75,125
x=-3.162, 3.162 s
. RN
-6 2 RS 6 \
—- -6
16
57. Jx-2=3
52. 3223 Jx=2-3=0
X x+2 1
x:
34_1_ 3 =0 5
X x—1
x=—1.303, 2.303 » |14
2
-5
—4 5
58. x—4=8
. x—4-8=0
3. —x+1]=-3 x =68
—‘x+l‘+3 =0 6
X = —4,2 0 7L 100
6
-10 8 10
L 59. 2 —Jx+5=1
54, —[x-2[=-6 I-Vx+5=0
Jx-2l+6=0 r=-
x =-4,8 -
8 -6 \“ 3
"'\-\.\_\_\_\_\_
-7 1 -2
-4 60. 8—/x+9 =6
2-x+9=0
55. [3x-2|-1=4 ‘= _5
[3x-2/-5=0 s
x=-1.0, 2.333
-10 5
2 [
WS
-3

LV

-6
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Section 2.2 Solving Equations Graphically 153

61. (a) X -1 0 1 2 3 4

32x-5.8 -9 | 58| 26|06 |38 70

Because of the sign change, 1< x<2.
(b) x 1.5 1.6 1.7

32x-58|-1|-0.68 | -0.36

x 1.8 | 1.9 |20

32x-5.8 |-0.04 | 0.28 | 0.6

Because of the sign change, 1.8 <x <1.9. To improve accuracy, evaluate the expression for values in this interval and

determine where the sign changes.
Let y, =3.2x—5.8. The graph of y, crosses the x-axis at x =1.8125.

2

-5 / 10

-8

62. 03(x —1.8)—1=0

X 2 3 4 5 6 7 8

03(x —1.8) -1 -0.94 -0.64 -0.34 -0.04 | 0.26 | 0.56 | 0.86

Because of the sign change, 5 < x < 6.

X 5.0 5.1 52 5.3 54

03(x —1.8) =1 | —0.04 -0.01 | 0.02 | 0.05 | 0.08

Because of the sign change, 5.1 < x < 5.2. To improve accuracy, evaluate the expression in this interval, and determine

where the sign changes. Let y, = 0.3(x — 1.8) — 1. The graph of y, crosses the x-axis at x = 5.13.
4

-5 il P
]
-6
63. y=6—-x 65. 2x+y=6=>y=6-2x
y=3x-2 —x+y=0=>y=x
6—x=3x-2 6-2x=x
8 = 4x 6=3x
x=2=>y=6-2=4 x=2=y=x=2
(x.y) = (2.4) (x. y)=(2. 2)
64. y =2x-3 66. x—y=—4—=x=y-4
y=9-x x+2y=5=x=-2y+5
2x -3 =9-x y—4=-2y+5
3x =12 3y=9
x=44:5>y=9—4=5 y=3=x=3-4=-1
(xsy)_( ’ ) (x,y):(—l, 3)
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154 Chapter 2 Solving Equations and Inequalities

67. -y=10 =x-10
SR — Y= 72. x—3y:—3:>y=lx+l
x+2y=4=>y=—1x+2 3

5x—2y:11:>y:§x——

x—lO:——éx+2 2 2
2x-20=—x+4 (xy) =32
3x=24

x=8=y=8-10=-2
(x.7)=(8 ~2) AT,

68. 4x-y=4=y=4x-4 2
x—dy=l=>y=+x—%

73. y=x
dx—4=tx—= y=2x—x
16x-16=x-1
,y)=(0, 0), (1, 1
o= (5 3)=(0.0). (1.1
x=1=y=4x-4=0 8

(x. y)=(10) a1
69. y=x"—x+1 >
y=x"+2x+4 ) E‘:M"‘z

X —x+1=x"+2x+4

—3=3x 74, y=4-x°
x=-1 y=2x-1
y=(-1)"=(-1)+1=3 (x,y)=(1.449, 1.898),
(x. y)=(-13) (-3.449, —7.899)
70. y=—x"+3x+1 (1449, 1.898) 5[ Y=2v—1

y=—x"-2x—4

x> +3x+1=—x"-2x—4

3x+1=-2x-4
Sx=-5
x=-1 3 3
s 75. x’'—-y=3=y=x" -3
y:—(—l) +3(_1)+1:_3 2x+y=5=>y=5-2x
(% v)=(-1 =3) (x.y)=(1.670,1.660)
71. y=9-2x
y=x-3
(% y)=(41)
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76.

77.

78.

79.

(@)

(b)

(@)

()

(a)
(b)

©

1+0.73205 _ 1.73205

1-0.73205  0.26795
=~ 6.464079 = 6.46
1+0.73205 _ 1.73205
1-0.73205  0.26795
11
027
= 6.407407 = 6.41
Yes, the more rounding performed, the less accurate
the result.

1+0.86603 1.86603
1-0.86603  0.13397
~13.92871538 =13.93
1+0.86603  1.86603
1-0.86603  0.13397
187
013
=~14.38461538 = 14.38
Yes, the more rounding performed, the less accurate
the result.

x  (280-x)
=t

63 54
Domain: 0<x<280

t

10

o)) | —— 7))
0

If the time was 4 hours and 45 minutes, then # = 4%
and x =164.5 miles.

80.

81.

82.

83.

Section 2.2 Solving Equations Graphically

(a)
(b)

©

(b)

©

(b)

(©)

(b)

(©)

(d)

155

A= x+0.33(55—x)
Domain: 0<x <55

55

/

0

If the final mixture is 60% concentrate, then
A=0.6(55)=33 and x=22.2 gallons.

Divide into two regions. Then find the area of each
region and add.
Total area = Area 1+ Area 2
A(x)=4-x+4~2x
=4x+8x
=12x

Area 2 2x

x Area 1

0

If the area is 180 square units, then x =15 units.

0

If the area is 180 square units, then x =22.5 units.

T=1+5=x+10,000-1x=10,000+1x
If § =6600 = 10,000 4 x = L x = 3400
= x = $6800
If 7=13,800 =10,000 + 4 x = 3800 =1 x
= x =$7600
If 7=12,500 =10,000 + x then
x = 5000. ThusS.= 10,000~ L x.= $7500.
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156 Chapter 2 Solving Equations and Inequalities

84' y = 169[ + 574’ O sr< 12 86' (a) VTOTAL = VRECTANGULAR SIDEWALL +VTRIANGULAR SIDEWALL
(a) Let ¢ = 0and find y. = w-(pool width)+%-b-h~(pool width)
y = 16.9(0) + 574 = 574 =(4)(40)(20)+(4)(40)(5)(20)
The median weekly earnings of full-time workers =5200 cubic feet
was $574 in 2000.
, , , (b) Number of gallons = (5200 ft*)| 7.48 gallons
(b) The slope m is 16.9. The median weekly earnings of ft’
full-time workers increases by $16.90 every year. = 38,896 gallons
(c) Answers will vary. (c) The base of the pool passes through the points
(d) Answers will vary. Sample answer: (0, 0) and (40, 5).
Algebraically: Let y = 800 and solve for . 5-0 1
Graphically: Using the zoom and trace features, find "= 40-0 8
t when y = 800. 1
y-0= 3 x— 0)
85. M =434t +5355, 1<t <13 1
W = 28.4r + 5398, 1 <1 <13 rEgr
d b
(@) o= (@ For 0<d <5, by similar riangle, =5 =>b=8d.
; 1 1
/ So, V:Ebd(zo):E(Sd)d(20):80d2, 0<d<5.
15000 ........... 13 For 5<d< 9’
The point of intersection is approximately V= l( 5)( 40)(20) + ( d- 5)( 40)(20)
(2.9, 5479.4). So, in 2002, both states had the same 2

=2000 + 800d — 4000

population.
=800d —2000, 5<d <09.

4341 + 5355 = 28.41 + 5398
b
15t = 43 (o.s;?(m.m
t =29 (0,0)
d

The point of intersection is approximately

(2.9, 5479.4). So, in 2002, both states had the same o ;‘
(0,5) ¢ (40,5)
population. 00

The slopes of the linear models represent the change
in population per year. Since the slope of the model (e) 4
for Maryland is greater than that of Wisconsin, the 50001
population of Maryland is growing faster.

(d) Find ¢ = 16.
M = 43.4(16) + 5355 = 6049.4
W = 28.4(16) + 5398 = 5852.4

(b

=

(c

~

4000

3000

2000 4

1000

Volume (in cubic feet)

123456789

The population of Maryland will be 6,049,400 and the Depth (in feet)

population of Wisconsin will be 5,852,400.
Answers will vary. ) | d 3 5 7 9

V| 720 | 2000 | 3600 | 5200

(g) V =4800: 800d —2000 = 4800
800d = 6800
d =8.5 feet
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87.
88.

89.

90.

91.

True.

True. A line must intersect at least one axis.

x 99
x—1 _@
100x =99x —-99

x=-99

The approximate answer —99.1 is not a good answer, even
though the substitution yields a small error.

(a) From the table, f x) =0 for x=3.

(
(b) From the table, g(x)=0 for x=-2.
(

(c) From the table, g x)=

—f(x) for x=1. In this case,

f(x) =-6and g(x) =6.

(d) From the table, f(x)=—6g(x). In this case,
f(x)=—12 andg(x):Z, for x=-1.

(a) y=2x+2

Algebraically: Let y=

0: 2x+2=0
2x=-1
x=-1

(—l, O) Xx-intercept

Let x=0: y=2(0)+2

y=2
(O, 2) y-intercept
Numerically:
X 2|-110]1]|2
y=2x+2|-2|01|21|4]|6

The x-intercept is (—l,
Graphically:

4

0), The y-intercept is (0, 2).

©

Section 2.2 Solving Equations Graphically 157
(b) f(x)=x2—1
Algebraically: x=-1and x=1 are zeros.
2
FD= (1) -1=0
2
F)=(1) -1=0
Numerically:
X -2 -1 0 1 2
y=x"-1 3 0 -1 0 3
So, the zeros are —1 and 1.
Graphically:
6
-6 6
-2
y=2x+2, y=x" -1
Algebraically: 2x+2=x" -1
2 —2x-3=0
(x—3)(x+1)=0
x=3=0 x+1=0
x=3 x=-1
x=3=y=2(3)+2=8
(.8)
x=-1=y=2(-1)+2=0
(-1.0)
Numerically:
X -1 0 1 2 3
y=2x+2 0 2 4 6 8
y=x"-1 0 -1 0 3 8

The points of intersection are (—1, 0) and ( 3, 8).

Graphically:
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158 Chapter 2 Solving Equations and Inequalities

g, 1233 123 43
53 BOsB) s

o3 10 _ 10 Vi4+2
V-2 Jia-2 Jida+2
10(\/ﬁ+2)
(Via) - 2y
10(\/ﬁ+2)
14— 4
10(\/ﬁ+2)

10
2+ /14

Section 2.3 Complex Numbers
1. (a)ii (b)iii (c)i

2. V-1, -1

3. complex, a+ bi

4. To multiply two complex numbers, (a +bi )(c +di ), the
FOIL Method can be used;
(a + bi)(c+ di) =ac+ adi + bci + bdi®

= (ac—bd)+(ad+bc)i.
5. The additive inverse of 2 —4iis —2+4i.

6. The complex conjugate of 2 —4i is 2 +4i.

7. a+bi=-9+4i
a=-9
b=4

8. a+bi=12+5i

a=12
b=5

9. (a—1)+(b+3)i=5+8i
a-1=5=a=6
b+3=8=b=5

10. (a+6)+2bi=6—5i
2b=-5
b=-3
a+6=6
a=0

9.

95.

96.

97.

98.

99.

11.

12.

13.

14.

15.

16.

17.

18.

3 s-Ji1 3(8-11) 3(8-1I)

S+411 8—II  64—11 53

W afioe HO)

3J10-1 3J10+1 90-1

(x—6)(3x—5) =3x2 —5x —18x + 30
= 3x% — 23x + 30

:g(&/ﬁﬂ)

(3x+13)(4x—7)=12x" +31x-91
(2x=9)(2x+9) =4x"-81

(4x+1)" =(dx+1)(4x+1)=16x" +8x+1

44 -9 =4+J9i

=4+3i
7T —--25=T7-~/25i
=7-5i
12 =12 + 0i
=12
-3 =-3+0i
=-3

-8 —i* = -8 — (-1)
=1-8i

2i* - 6i = 2(-1) - 6i
=-2-6i

(V716) +5 = (Vi6i) +5
= (4i) +5
=16 + 5
16(-1) + 5
-11

—i - (\/—73)2 =—i- (\/Ei)2
= —i - 23*
= —i — 23(-1)
=23
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19.

20.

21.

22,

23.

24,

29.

30.

31.

32.

33.

34.

35.

36.

37.

+—=0.09 =+/0.09i = 0.3i
+/—=0.0004 =0.02i

(4+i)—(7-2i)=(4-7)+(1+2)i
=-3+3i

(11-2i)—(-3+6i)=(11+3)+(-2-6)i
=14-8i

13i (14 =7i) =13i =14+ 7i =14 +20i

22+(=5+8i)-9i=(22-5)+(8-9)i
=17

(5 +/-27) - (12 + /-48)

=17 = </3i

(7+=18)+(3+4-32) =7+ 3v2i) +(3+442i)
=(7+3)+(3J§+4ﬁ)i
=10+72i

55 10 = (Vi) (Vo )
=50i" =5V2 (1) =52

(V=10)" =(v10i) =107 =10
(V75) = (V75i) =7si* =75

4(3+5i)=4(3)+4(5)i
=12+20i
~6(5-3i) = (=6)(5) + (~6)(-31)
=-30+18i
(1+i)(3-2i)=3-2i+3i -2

=3+i+2
=5+i
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26.

27.

28.

= (5 +3v/3i) - (-12 + 4/3)
54330 +12 - 4/3i
17 + (3v/3 - 4/3);

39.

40.

41.

42,

43.

44.

o

Section 2.3 Complex Numbers 159

3 5. 5 11 35 5 11).
+i |+ =+ —i +] =+ — i
G355 G355)

9+10 15+22,
= + i

6 6
19 37,
=+
6 6
3.7 5 1. 3.5 7 1
—+—i || === ——= —+—
5525
LN
12 30

(1.6+3.2i)+(-5.8+43i) =—4.2+7.5i

—(-3.7-12.8)—(6.1-16.3i) =3.7+12.8i —6.1+16.3i
=(3.7-6.1)+(128+16.3)i
=—24+29.1i

(6-2i)(2-3i)=12-18i —4i +6i°
=12-22i-6
=6-22i

4i(8+5i)=32i+20i°

=32i+20(-1)
=-20+32i

-3i(6-i)=—18i-3=-3-18i

(V14 +10i)(V14 = 10i) =14~ 1077

=14+10=24

(5-+151) (3 151
— (45)(B) ~3T5i+ 3T - (451 (415)

=3-15*=3+15=18

(6+7i) =(6)" +2(6)(7i)+(7i)’
=36+ 84i + 49i°
= (36 —49) + 84i
=—13+84i

(5-4i)" =(5)" —2(5)(4) +(4)’
=25—40i +167>
=(25-16)—40i
=940
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160 Chapter 2 Solving Equations and Inequalities

\2 \2 o £ _f
45. (4+5i) —(4-5i) s5. 9_:2._’:_@’:%:_@
=[(4+5i)+ (4-5i)] [(4+50) - (4-5i)] e
=8(10i)=80i 56, 2. L_5 3,
2 i -2 2
46. (1-2i) —(1+2i) =1-di+4 —(1+4i+47°) , .
s 2 _ 2 4+5i_8+10i _8 10
=1-di+di’ —1-di-4 4-5i 4-5i 4+5i 16+25 41 41
=-8i
3 14+i 3+3i 343 3 3.
47. 6 + 2i is the complex conjugate of 6 — 2i. 58. 1= 1+i = -7 = B :5"'5’
6 — 2i)(6 + 2i) = 36 — 4i°
( X ) 36 4 4 = 40 59, 370 _3-i 3-i
R " 3+i 3+i 3-i
48. 3 — 5iis the complex conjugate of 3 + 5i. _9-6i+ i’
9 -2
3+ 5i)(3 - 5i) = 9 — 25/
(3 +5i)(3 - 5i) =9 - 25i C9-6i-1
=9+25=234 o011
8 — 6i
49. -1 - /7iisthe complex conjugate of —1 + J7i. = 0 d
(-1 + 7)1 = NTi) = 1 - 72 _ 43,
=1+7=8 503
8—7i 1+2i 8+16i—7i—14
50. —4 + </3iis the complex conjugate of —4 — V3. 60. 1_2; : 1+2; = 11_4:,2 :
(—4 - ~/3i)(-4 + /3i) = 16 - 3 _2249 22 9.
5 55
=16+3=19
61 i i
51. \/-29 = </29i ) (4—51‘)2 16 —25—40i
—~/29i is the complex conjugate of ~/29i. _ i —9+40i
© —9-40i -9+40i
. A .2
(-~/29i)(v/29i) = —29i _a0-9i
=29 81+40°
__ 409
52. {/-10 = V/10i 1681 1681
—~/10i is the complex conjugate of ~/101i. . 5i 50 —5-12i
. N L .
(~~/10i)(x/104) = -1022 (2+3i) -5+12i -5-12i
=10 _T25i+60
25+144
53. 9 + /6iis the complex conjugate of 9 — J6i. =ﬂ_£i
169 169
(9 + ~6i)(9 - ~6i) = 81 - 612
=81+ 6 = 87 63. 2 3 _20=)=3(1+i)

+i 1-i (1+i)(1-i)
54. -8 — /15 is the complex conjugate of —8 + ~/151. _2-2i-3-3i

(-8 + \/15i)(-8 - /151

64 — 15i°

64 +15 =179 2 2 2
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65.

66.

67.

68.

69.

70.

71.

72.

2 5 2i(2-i) 5(2+i)

241 2-i (2+i)(2-0)  (2+)(2-1)

_4i-2i +10+5i
4-i
12490 12 9.

—+—=i

5 5 5

i 2i  3i+8i +6i—4i°
+ =
3-2i 3+8i  (3-2i)(3+8i)

_ —4+9i
9+18i+16

_ 449 25-18i
25+18i 25-18i

_ —100+72i +225i +162

25° +18°
624297
949

=—+

949 949

io4-i 0 - 4-i 44
_ -+l 12430
1 16+1

—6i° +i* =—6i%i + i

=—6(-1)i+(-1)
=6i-1
=-1+6i

47 =217 =—4+2i

(Mf - (5\/5')3 = 53(\5)3 P
=125(343) (i)
=-375/3i

(v=2) = (\/Ei)ﬁ =8i° =8i*%* =8

1 1 1 8 8i 1.

(2i) 8 <8 8 64 8

73.

74.

75.

76.

77.

78.

Section 2.3 Complex Numbers 161

@ =(i') =(1) =1

(@ z,=5+2i
z,=3-4i
11 1 1 1
oG 542 3-4
(3-4i)+(5+2i)
— (5+2i)(3-40)
_8-2i
2314
2314 (8+2i
T §-2i [m]
S 22005 118-0971i
68
(b) z,=16i+9
2, =20-10i
11 1 1 1
2 L 96 20-10i
(20-10i)+(9+16i)
~ (9+16i)(20—107)
_29+6i
340 +230i
_340+230i (29-6i ) 11,240 +4630i
2946 [29—61’J_ 877
~12.816+5.279i
False. A real number a +0i =a is equal to its conjugate.

False.

44| G150 74
AN o A

-+ =1-1-i+i=1

False. For example, (l + 2i) + (l —2i) =2, which is not an

imaginary number.

True. Let z, =a, +b;i and z, = a, + b,i. Then
2,2, =(a, +bji)(a, +b,i)

=(aja, —bb,)+(ab, +ba,)i

:(ala2 —blbz)—(alb2 +b1a2)i

:(a, —b,i)(az—bzi)

=a,+bjia,+b,i

=27 2,
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162 Chapter 2 Solving Equations and Inequalities

79. True. Let z, =a, +bji and z, = a, + b,i. Then (b) Product of the binomials:

(1+5i)(2-i)=2—-i+10i -5

=7+09i
The product of the binomials results in a second-
degree trinomial. The product of the complex

numbers is a complex number because of the

z+2,=(a,+bi)+(a, +byi) (x+5)(2x—1)=2x"—x+10x-5
=(a,+a,)+ (b +b,)i =2x"+9x -5
Product of the complex numbers:
(a1+a2) (b +b)
(

=(a~bi)+(a,~bs)
=a,+bi+a,+b,i

=7,+2,.

80. (i) 2 = 2 + 0iis the point (2, 0) that matches D. property i>=1.

(ii) 2i = 0 + 2iis the point (0, 2) that matches C. () Answers will vary.
(4x - 5)(4x +5) =16x> —20x+20x—25

=16x> =25

(iii) —2 + iis the point (-2, 1) that matches A. 83.
(iv) 1 — 2iis the point (1, —2) that matches B.

3_.3 2 2 3

81. The error is not simplifying before multiplying. 84. (x * 2) =X 4302+ 3x(2) +2

The correct method is \/3\/3 = \/Ei\/gi =6i* =—6.

82. Given the binomials: x+5 and 2x —1 and the complex 85.
numbers: 1 + 5iand 2 —i

=x*+6x" +12x+8

(Bx—1)(x+4)=3x"—L1x+12x-2

=3x"+Zx-2
(a) Sum of the binomials:

(x+5)+(2x—1)=3x+4 86.

Sum of the complex numbers:

(1+5i)+(2—i)=3+4i

Answers will vary.

Sample answer:

The coefficient of the x-terms of the binomials are

the same as the real part of the complex numbers.

The constant terms of the binomials are the same as

the coefficients of the imaginary part of the complex

numbers.

(2x—5)" =4x> —20x+25

Section 2.4 Solving Quadratic Equations Algebraically

1. quadratic equation 7 L(3x2 _ 10) =12x
M 5

discriminant

Four methods to solve a quadratic equation are:
factoring, extracting square roots, completing the square,

3x* —10=60x
Standard form: 3x*> —60x—10=0

2
and using the Qualitative Formula. 8. x(x+2)=3x"+1
2 A2
The height of an object that is falling is given by the , XA 2x=3x 41
equation s=—16¢"+v,t+s,, where s is the height, v, is —2x°+2x-1=0
2
the initial velocity, and s, is the initial height. (—1)(—2x +2x— 1) = _1(0)
Standard form: 2x* —2x+1=0
2x* =3-5x
Standard form; 2x*>+5x-3=0 9. 152 +5x =0
X =25x+26 Sx(3x+1) =0
Standard form: x*>—25x—26=0 Sx=0=x=0
x+1=0=x= —%
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10.

11.

12.

13.

14.

15.

16.

17.

9x2 —2lx =0
3x(3x - 7) =0

3x=0=

x-7=0=

x* —10x+21 =0
(x—7)(x—3)=0
x=-7=0
x—-3=0

x*=10x+9=0
(x—9)(x—1)=0
x-9=0=>x=9
x—1=0=>x=1

x> —8x+16 =
(-4
x—4

2

0
0
0
4

X =

X

Wl O

X

= X

= X

4" +12x+9=0
(2x+3)(2x+3)=0
2x+3=0

2x=-3

=_3
X==3

3x% =8 - 2x
3x* +2x-8=0
(Bx—4)(x+2)=0

3x-4=0=x=

x+2=0=x=

2x* =19x+33

2x*-19x-33=0
(2x+3)(x-11)=0

2x+3=0=>x=-2

x=11=0=x=11

-x* —1lx =
-x? —11x — 28
x% + 11x + 28
(x +4)(x+7)

x+4 =

x+7=

28
0
0
0
0= x
0= x

W |~

|
[\S}

Section 2.4 Solving Quadratic Equations Algebraically

18.

19.

20.

21.

22.

23.

24.

25.

26.

-x* —11x = 30
-x>-11x-30 =0
2 +1lx+30=0
(x+5)(x+6)=0

x+5=0= «x

o
| |
AN W

x+6=0=x

(x+a)2—b2=0

[(x+a)+b}[(x+a)—b}zo
x+a+b=0=>x=-a-b
x+a-b=0=>x=-a+b
x> +2ax+a* =0
(x+a)2=0
x+a=0

X=—-a

x’=49

x =249 =17

X2 =144

x=1144 =+12

3x* =81

x = 2~/27

x = £33 = +5.20

9x* = 36

163
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164 Chapter 2 Solving Equations and Inequalities

27. (x-12)"=16 35 x*-6x+2=0
2 —
x—12=+16 = +4 ¥ —bx==2
x=12+4 x2—6x+32:—2+32
x=8,16 (x=3)' =7
—3=47
28. (x-5)"=25 ! i
X-5=15 =357
x=5%5 36. X +8x+14=0
x=0, 10 X +8x=-14
2. (3 1)2+6 0 X +8x+4*=-14+16
. X — =
2
(x-1) =6 (x+4) =2
+4 =42
3x—1=+/-6 = +./6i * V2
\/, x=—4ix/5
w=t2¥0, 0334082 ,
373 37. x*—4x+13=0
—d4x+4=-13+4
30. (2x+3) +25=0 o
x-2) =-9
(2x+3) =-25 ( )2 i
X—2=1TI1
2x+3=%-25 =450 x=2+3i
x=—2+3i=-150%2.50i
38. x’—6x+34=0
3. (x=7) =(x+3)’ X —6x+9=-34+9
x—7=i(x+3) (x—3)2=—25
x—7=+(x+3):> impossible x—3=45}
x—7=—(x+3):2x=4 x=3%5i
¥=2 39, 2 +8x+32=0
32. (x+5) =(x+4) X+ 8x+ (4) = =32 + 16
(x+5)=%(x+4) (x +4) = -16
Xx+5=x+4, not possible
x+4==*/-16
x+5=—(x+4) X+ 4= tdi
2e=9 X = -4+ 4i
x=—-3=-450
, 40. x*+18x+117=0
3. FHdx=32 X +18x+81=—117+81
X +4x+4=32+4 2
- (x+9) =-36
(x+2) = X+9=16i
x+2=126 x=-9%6i
x=-2%6
x=-8, 4 41. —-6+2x—-x"=0
Y230 (¥ —2x+1)=—6+1
2
¥ -2x+1=3+1 (x=1)"=-5
(x—1)" =4 x-1=1J-5
x—1=%42 =+/5i
x=1%2 x=1%+/5i

x=-13
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Section 2.4 Solving Quadratic Equations Algebraically 165

42, —x* + 6x - 16 = 46. 9x’ —12x=14
X —6x+16 =0 e L
, 379
x2—6x+(3) =-16+9 2
o4 (2 14 4
2 —_— — -t —
(x=3)" =-7 3 3 9 9
x—3=+/-7 (x_gjz_E
x-3=+7i 3) 9
2
x =3+/7i P
3
43. 9x*-18x+3=0 —2otf2
x2—2x+l=0
3 x=—i\/5
xz—2x:—l
2
47, y=(x+3) -4
X =2x+P=—=+1 Y ( )
2 2 (@) e
(x—l) =—
3 -12 / 6
x=1=% 2 \\/f
3
-6
2
x=1& 3 (b) The x-intercepts are (—1, 0) and (=5, 0).
G © 0=(x+3) -4
3 4=()c+3)2
44, 4 —16x-5=0 +J4=x+3
) —3+2=x
X" =4x-==0

x=-lorx=-5

The x-intercepts are (—1, 0) and (—5, 0).

X2 —4x+ (2 314
2
(-2 = % 48. y=1-(x-2)
21 (@ 3
21
x—-2=% e . "
x—-2= +—21
T2
LN °
r=s= 2 (b) The x-intercepts are (1, 0) and (3, O).

© 0=1—(x-2)
45. 2x*+5x-8=0

(x-2) =1
x—2=i\/I
22 B 4B x=2+1=31
2 16 16 The x-intercepts are (3, O) and (1, O).

x2+2x—4=0
2
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166 Chapter 2 Solving Equations and Inequalities

49. y=—4x*+4x+3

(a) 6

T

(b) The x-intercepts are (—0.5, O) and (1.5, O).

(©) 0=—4x>+4x+3
4x* —4x=3
4(x2—x)—3

x—x=2
@ oxt() =3+ (2)
(x=4) =1
x—%zi\/{
x=1%l
x=2orx=—1

50. y=x>+3x-4

(a) 8

(b) The x-intercepts are (1, O) and (—1, O).
(c) 0=x"+3x-4

0=(x+4)(x—1)

O=x+4=x=—4

O=x-1=>x=1

The x-intercepts are (—4, 0) and (1, 0).

51. y=x2—4x+4=0

8

-2

One real solution

52.

53.

54.

55.

56.

57.

y=2x"-x—-1=0

7

I/

H

-3

Two real solutions

y=4x"-8x+28=0

9

—1

One real solution

y=1x"-5x+25=0

N

(o) | —— T
0

10

No real solutions

y=-02x"+12x-8=0

4

~

-12

No real solution

y=9+24x-83x*=0

10

1] ¢

-2

Two real solution

x2 —9x +19

1l
o
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Section 2.4 Solving Quadratic Equations Algebraically 167

58. x*-10x+22=0 62. 8x =4 —x?
x:—bi\/b2—4ac X +8x—4=0
2a : b e
—(=10)£/(-10)" —4(1)(22) - 2a
2(1) -8 £J6) - 40)(-4)
_ 10410088 2(1)
2 _-8+/64+16
_ 1012\/§=5i\/§ — 5
2 -8 ++/80

x_
2 = —4+2/5
34423
2 2
63. 20x- —20x+5=0
73
:—%i\/fl 4x2 —4x+1=0
_—b* b? - dac
60. x> +5x+16=0 T
—5+./25-4(16 2
-5+ 5-4(16) _ 9 - 0
2 2(4)
—5+4/-39 —
= _ 416 - 16
8
5 39
=——+ |
S _ 440
8
61. 4x = 8 — x? _ 1
¥ +4x-8=0 2
- —bi'— Jb? = dac 64. 9x*—18x+9=0
2a X =2x+1=0
2
_ (@) (@) - 41)(-8) N —b++b? —dac
2(1) 2a
_ 416+ 32 —(<2)(=2)" =4(1)(1)
2 N 2(1)
_ —4% V48 2440
2
—4+43 =1
2
= -2+2/3
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168 Chapter 2 Solving Equations and Inequalities

65. 16x> +24x+9 =0 70. 11x°+33x=0
—b + Jb? - dac 11(x2 +3x)=o
X=—————
2a x(x+3)=0
I COF: (24)° - 4(16)(9) x=0
- 2(16) X+3=0=>x=-3
_ 24 +/576 - 576 71 (x+3) =81
_24+032 x+3=19
= 732_ x+3=9=x=6
3 x+3=-9=x=-12
T

2
72, (x-1) =-1
66. 9x> + 30x + 25

1l
(e
=

|
)
Il
H+
1
T
Il
g

—b £ /b* — dac x=lti
X=———:"
2
“ 2 73- _)(,‘2—2.)(:—E
_—(30) £4/(30)" - 4(9)(25) 4
- 2(9) x2—2x+$=0
_ =30 £ /900 — 900 bt —dac
18 x= 2a
_-30+£0 2+,/4-4(13/4)
18 =
s 2
= -3 2449
2
67. 4x*+16x+17=0 =1i%i
x:—bi\/b2—4ac
2a 74. X2+ 4x = o
—16+,/16> —4(4)(17) 4
- 2(4) x2+4x+4=—%+4
_ —16%+/-16 , 3
s (r+2f =5
164 3
T8 x+2 =% /-
| \ 4
=—2i—l' 3
2 x+2=Fx—7i
2
68. 9x*—6x+37=0 3
x=-2+£—i
x:—bix/b2—4ac 2
2a
75. 5x* =3x+1
6++/36-1332 R ! *
:—18 5x*=3x-1=0
1 . —b £ ~/b* - 4ac
=—+2 x=———
3 2a
2
o 40 _ ) - 465)
' 2(5)
-4)(x+1) =0
S IEFNCEST
x—4=0=>x=4 10

x+1=0= «x

Il

|

w

H+
g

O
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Section 2.4 Solving Quadratic Equations Algebraically 169

76. 4x* = Tx +3 81.

45> = 7x -3 =0

—b £ ~/b? - 4ac

~(=7) £ 47 - 443

2(4) 82.

78. —10x* +11x-3=0

10x* —11x+3=0 84.

(5x=3)(2x-1)=0
5x-3=0 or 2x-1=0
Sx= 2x=1

xX=

3
3
5

0| =

79. —4x’+12x-9=0
4x* —12x+9=0
(2x-3)" =0
2x-3=0

2x=3

3
2

X =
80. 16x° —24x+9=0
(4x-3)" =0
4x-3=0

4x=3

3
4

86.

X =

—b+~/b* —dac 83.

85.

(x+6)(x—=5)=0

¥ +x-30=0
Multiply by 2 to find a second equation.
2(x* +x-30)=2x" +2x-60=0

(other answers possible)

(x+2)(x—1)=0

¥ +x-2=0
Multiply by 2 to find a second equation.
2(x* +x-2)=2x"+2x-4=0

(other answers possible)

e

(3x+7)(7x—6)
21
21x* +31x-42=0

Multiply by % to find a second equation.

l(zlxz +31x—42)=3x2+2x—6=0
7 7

(other answers possible)

3oy

x = zx _8 =0
39
Multiply by 9 to find a second equation.
9| x* —zx—§ =9x’ —6x—8=0
39
(other answers possible)
(x=5V3)(x+5v3)=0
2
¥ -(5V3) =0
x*=75=0
|
Multiply by 3 to find a second equation.

%(x2—75)=%x2—15=0

(other answers possible)

(x=2v5)(x+245)=0
¥ —(245 )2 =0
X =20=0

Multiply by % to find a second equation.

%(x2 —20) =%x2 -10=0

(other answers possible)
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170 Chapter 2 Solving Equations and Inequalities

87.  (x-1-243)(x-1+243)=0
((x=1)=243)((x=1)+243)=0
(x—1)2—(2J§)2=0

X =2x+1-12=0
x*=2x-11=0
Multiply by 5 to find a second equation.
5(x* =2x—11)=5x"~10x—-55=0

(other answers possible)
88. (x-2-3V5)(x=2+3V5)=0
(x-2)' ~(3V5) =0

X —4x+4-45=0
X’ —4x-41=0
Multiply by 2 to find a second equation.
2(x* —4x-41)=2x" -8x—82=0

(other answers possible)

89. [x—(2+i)|[x-(2-i)]=0
[(x-2)-i][(x-2)+i]=0
(x=2)" +1=0
X —4x+5=0
Multiply by —1 to find a second equation.
—(¥ —4x+5)=—x"+4x-5=0

(other answers possible)

90. [x—(3+4i)][x—(3-4i)]=0
[(x=3)-4][(x-3)+4i]=0
(x=3)" +16=0
X —6x+25=0
Multiply by —1 to find a second equation.
—(x2 —6x+25):—)c2 +6x-25=0

(other answers possible)

91. (a)

w+ 14

(b) w(w+14)=1632
w +14w—1632=0

(©) (w+48)(w—34)=0
w =34, length =w+14=48
Width: 34 feet, length: 48 feet

92. S = x* + 4xh
561 = x* + 4x(4)
561 = x* + 16x
561 + 64 = x> + 16x + 64
625 = (x + 8)°
+/625 = x + 8
-8+25=x

Because x > 0, x = 17.

The dimensions are 17 feet by 17 feet by 4 feet.

93. (a) 4x+3y=100 (amount of fence)
y= %(100 —4x)
Domain: 0 < x < 25

Area = A(x) = (2x)y = 2x§(100 —4x)

=§x(25 - x)
8 , 200
=——Xx"+—x
3 3
(b) X y Area
2 2 | £=123
4 28 224
6 ? 304
8 % @z 363
10 20 400
12 3 416
4| & [ =ean

Approximate dimensions for maximum area:
— — 52 52
x=12, y==, or24m><T m

450

(©)

0 25
0

Approximate dimensions for maximum area:
x=125, y=16.67, or 25 m><5—3° m

(d) The graphs of y, = %x(25 - x) and y, =350
intersect at x =7.5 and x =17.5. The dimensions are
therefore 15 mx 23+ m and 35 mx 10 m.

(e) $x(25-x)=350
—8x” +200x =1050
4x* —=100x+525=0
(2x-35)(2x-15)=0
x=Z orx=2

Dimensions: [35'm x 10 mand 15.mX 234 m
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94. V = Length - Width - Height = 576 cm’
(x)(x)(4) =576
4x* =576
X’ =144

x=12 cm

Because x =12 cm, the original piece of material is 12 + 4 + 4 =20 cm by 20 cm.

95. (a) s = —16> + vt + 5,
—16* + (0)r + 2080

= 1662 + 2080
®) 1 0 2 4 6 8 10 12
s 2080 | 2016 | 1824 | 1504 | 1056 | 480 | —224

(c) From the table, the object reaches the ground between 10 and 12 seconds, (10, 12).

0 = —16¢*> + 2080

1612 = 2080
1?2 =130
t = +/130
t ==*11.40

The object reaches the ground after 11.40 seconds.

96. (a) s=-161"+v > +s,
v, =45,5,=55
s=-161>+45t+5.5
®  s(2)=-16(1) +45(%)+5.5=24 feet
(c) —16£*+45+55=6

16> =45t +0.5=0
Using the Quadratic Formula, 7= 2.801 seconds.

40

0 3
0

The curves y=—-16¢+45¢t+5.5 and y =6 intersect
at t=2.801.

97. (a)

(b)

98. (a)
(®)

s=—161" + vt +s,

0=-16¢* +8000
167> = 8000

> =500

1 =104/5 = 22.36 seconds.
(600 miles/hour)(le/g seconds)

(3600 seconds/hour)

=1(1045) miles

=~3.73 miles =19,677.4 feet

Distance =

s(t)=—161> +1100
The pellets hit the ground when
161> =1100 = ¢ = 8.29 seconds.

95 miles per hour = 95 miles per second.
3600

The plane travels

i- 8.29 = (0.22 mile, or 1162 feet.

3600
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99. (a) S = —0.143r> + 3.73t + 325, 5<t <13
Find t when § = 50.

50 = —0.143t> + 3.73t + 32.5
0 = —0.143> + 3.73t = 17.5

-(3.73) + \/ (3.73)° — 4(=0.143)(-17.5)

=

2(-0.143)
. _ =373% V139129 ~ 1001
~0.286
~3.73 + /3.9029

=
-0.286

t = 6.13andr = 19.95 (not in the domain of the model)

0

In 2006, the average salary was $50,000.

(b) t S
5 47.46
6 49.73
7 51.60
8 53.19
9 54.49
10 55.50
11 56.23
12 56.67
13 56.82

© ///—

0 15

(d) 55.5=-0.143> + 3.73t + 32.5

0 = —0.143* + 3.73 - 23
O J(373) - 4(-0.143)(-23)
2(-0.143)
,_ ~373+ /139129 ~ 13.156
-0.286
_ —3.73+/0.7569

—-0.286
t =10 and ¢ = 16.1 (notin the domain of the model)
In 2010, the average salary was $55,500.

(e) Answers will vary. Sample answer: For some years, the model may be used to predict the average salaries for years beyond
2013. However, the model eventually would yield values that begin to decrease and eventually become negative.
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100. (a) D = 0.051t> + 0.20r + 5.0, 5<t < 14
Find t when D = 10.

10 = 0.051£2 + 0.20t + 5.0
0 = 0.051#* + 0.20r — 5.0

~(0.20) £ \/ (0.20)* — 4(0.051)(~5.0)
2(0.051)

-0.20 £ ~/0.04 + 1.02

0.102

-0.20 £ \/1.06
0.102
8.13, and t = —12.05 (not in the domain of the model)

In 2008, total public debt reached $10 trillion.

t =

t

i

(b) ¢ D
5 7.28
6 8.04
7 8.90
8 9.86
9 10.93
10 12.10
11 13.37
12 14.74
13 16.22
14 17.80

()

//
0 15

0

(d) 20 = 0.051¢* + 0.20¢ + 5.0
0 = 0.051#% + 0.20t — 15.0

~ —(0.20) £ \/ (0.20)* — 4(0.051)(~15.0)

2(0.051)
_ —0.20 £ /0.04 + 3.06

0.102
-0.20 £ ~/3.10
0.102

15.3, and t = —19.2 (not in the domain of the model)
In 2015, the total public debt will reach $20 trillion.

(e) Answers will vary. Sample answer: For some years, the model may be used to predict the total public debt for years
beyond 2014. However, the model eventually would yield values that are very high.

=

t

i
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174 Chapter 2 Solving Equations and Inequalities

101. C = 0.45x* — 1.73x + 52.65, 10 < x < 25

(@) 00

(b) When C = 150, x = 16.797° C.

(c) If the temperature is increased from 10° C to 20° C, the oxygen consumption increases by a factor of approximately 2.5,

from 80.35 to 198.05.

102. F = —0.091s> + 1.639s + 2.20, 5 < s < 65
(@) 40

0

(b) Use the maximum feature of a graphing utility to find the greatest fuel efficiency. So, the car should travel at a speed of
42.91 miles per hour for the greatest fuel efficiency of 37.36 miles per gallon.

(c) When the average speed of the car is increased from 20 miles per hour to 30 miles per hour, the fuel efficiency will
increase from 27.34 miles per gallon to 34.18 miles per gallon, which is a factor of approximately 1.25.

103. (a) x> +15* =1°
X +225=1
(b) ¥ + 225 = (75
x>+ 225 = 5625

x* = 5400
x = /5400
X = i30\/€
x = x73.5

Because x > 0, the distance is about 73.5 feet.

104. Let u be the speed of the eastbound plane. Then
u+ 50 = speed of northbound plane.

[u(3)] +[(u+50)3] =2440°

9 +9(u+50)" =2440°

181 +900u + 22,500 = 2440
18u” +900u — 5,931,100 =0

~900 + \/(900)2 —~4(18)(~5,931,100)
.

2(18)
_ =900 +/427,849,200
36
~549.57
u+50=599.57

So, the eastband plane is traveling at about 550 mph and
the northband plane is traveling at about 600 mph.

105. False. The solutions are complex numbers.

106. False. You can only draw a conclusion about the factors
if their product is 0, not 8.

107. False. The solutions are either both imaginary or both real.

108. (a) ax’+bx=0

x(ax+b)=0
x=0
ax+b=0=ax=-b
b
x=——
a

(b) ax*—ax=0

ax(x—l)zO

ax=0

x=0
x—1=0=>x=1

109. Add the two solutions and the radicals cancel.

_ —b++/b* —4ac + —b—~b*-4ac

2a 2a

S
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110. Multiply the two solutions and the radicals disappear. 112. (a) Because the equation 0 = (x — 1)2 + 2 has no real
p= —b+\b* —4ac || —b—~b* —4ac solutions, its graph has no x-intercepts. So, the
2a 2a equation matches graph (ii).
(_b)2 _(b2 —4ac) (b) Because the equation 0 = (x + ) — 2 has two real
- 4a° solutions, its graph has two x-intercepts. So, the
dac ¢ equation matches graph (i).
=TT

113. x° —-27x% =x* (x3 —27) =y’ (x —3)(x2 +3x+ 9)
111. (a) 3x*+5x—11=0: Quadratic Formula;

The equation does not factor and it is not easily 114. =52 —1dx= x(x2 —5x— 14)
solved using completing the square, nor is it the type
to extract square roots. =x(x=7)(x+2)

(b) x?+10x =3: Complete the square; The equation is

3 2 2
easily solved by completing the square since the 15, 4527 =2x-10=x"(x
2

leading coefficient is 1, and the linear term is even. = ( xr— ( x4+ 5)
(c) x> —16+64=0: Factoring; The equation is easily

factored, since it is a perfect square trinomial. (
(d) x*—15=0: Extracting square roots; The equation is

1/3 4/3 _ 13
of the type x> —d =0, and is easily solved by 116. S(X + S)X AT =x [5 x+ 5 + 4x]

extracting square roots. =x"(9x +25)

117. Answers will vary. (Make a Decision)

Section 2.5 Solving Other Types of Equations Algebraically

1. polynomial 7. 71X +63x =0
2. x(x-3) 7x(x* +9) = 0

o . . Tx=0=>x=0
3. To eliminate or remove the radical from the equation

\Jx+2 = x, square each side of the equation to produce X+9=0=x=-9
the equation x +2 = x*. x =+/-9
x = 13i
4. The equation x*—2x+4=0 is not of quadratic type.
5 4x* —16x" =0 8. ¥ +512=0
42 (¥ ~4)=0 (x +8)(x* —8x +64) = 0
4x* (x - )(x+2)=0 x+8=0= x=-8
x=0, x> —8x+64=0
. ) .= -b + ~/b? — dac
6. 8x"—=18x" =0 o
(e 9)=0 B )
2x7 (2x+3)(2x— 3):0 - 2(1)

0, +

l\)lw
0
I+
[@)}
N
T
)
93
=N

8+ /-192

8 + 8/3i

2

4+ 4/3i
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9. 5x° +30x*+45x=0 15. 361 +291 -7=0
5x(x2+6x+9)=0 (36t2—7)(t2+1):0
5x(x+3)" =0 (617 )(6: =7 (2 +1) =0
5x=0= x=0 ﬁ
x+3=0= x=-3 6+\7 =0=1=-""

10.  9x' —24x° +16x> =0 6t—«/7=0:>t=g

(92 ~24x+16) =0 Pal=0=t=+i

x2 (3)5—4)2 =0
16. 4x" —65x* +16=0

(4x* -1)(x*~16)=0
(2x+1)(2x—1)(x+4)(x—-4)=0

2x+1=0=>x=-1

¥=0 = x=0

3x-4=0 = x=%

11. X +5=5x"+x
X =5x-x+5=0

R 2x-1=0=>x=1
X (x—S)—(x—S)zO

o9l ~)=0 Triz0m
(x=5)(x+1)(x=1)=0

17. 3Jx-10=0
x—-5=0=>x=5

x+1=0=x=-1 3*5180
x—1=0=x=1 x_loo
=5
12. f42x° -8x-16=0
s 18. 3Jx-6=0
X (x+2)—8(x+2):0
(3 8)( +2)=0 =6
x=8J(x =
Jx =2
(x=2)(x* +2x+4)(x+2)=0 (\/_)2 (o)
x =
x2+2x+4=03x=$=—1i\/§i x=4
x—2=0=>x=2 19. Jx-10-4=0
x+2=0=>x=-2 Jio10=4
P x—10=16
13. x —4x"+3=0
x=26
(x2—3)(x2—1)=0
20. 2x+5+3=0
+3)(x =B (x+1)(x-1)=0
(x+3)(x=3)(x+1)(x-1) N
x+\/§=0 =X =—\/§ No solution
x=3=0=x=43
3 —
x+1=0=x=—1 2 Jox+9 =0
x—1=0=x=1 3ox = -9
3 3
14. X =5 -36=0 (Vox) = (-9)
(x*=9)(x*+4)=0 6x = =729
(x+3)(x-3)(x* +4) =0 X = _%

x+3=0=> x=-3
x-3=0=> x=3
¥ +4=0=> x'=—4=H2i
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22. 23/x-10=0
23/x =10
Ux =5

23, Y2x+1+8=0
Px+1=-8
2x+1=-512
2x=-513

513
2

=-256.5

24, Yax-3+2=0
(4x-3)" ==
4x-3=-8

4x=-5

5

X=—T

25. f5x-26+4=x
\/ﬂ:x—4
5x—26=x"-8x+16
x> —13x+42=0
(x—6)(x—7)=0

x—=6=0=>x=6

X=—

x=7=0=>x=7

26.  x—8x-31=5
x—5=m
x* —10x+25=8x-31
x> —18x+56=0
(x—4)(x—14)=0
x—4=0= x=4, extraneous
x-14=0=x=14

27. Jx+1-3x=1
Jr+1=3x+1
Xx+1=9x" +6x+1
0=9x"+5x
O:x(9x+5)
x=0

9x+5=0= x=—3, extraneous

Section 2.5

Solving Other Types,of Equations Algebraically 177

28. x+5-2x=3
Vx+5=2x+3

x+5=4x"+12x+9
45" +11x+4=0
LoohEVi2i-6d ~11£+/57
8 8

C—11-+/57
8
—11++/57

8

(extraneous) and

29. Jx+1=+3x+1

x+1=3x+1
0=2x
x=0

30. Jx+5=+2x-5
x+5=2x-5

10=x

x=10

31 2x+9Jx =5=0
(2\/1—1)(\/§+5)=0
Vr=t=x=1

(Jx ==5 is not possible.)
Note: You can see graphically that there is only one

solution.
32. 6x-7Jx-3=0
6x—3=TJx
(6x-3)° :(7\/5)2
36x> —36x+9=49x
36x> —85x+9=0
(9x-1)(4x-9)=0

9x—-1=0= x ==+, extraneous

33. Jx-Jx-5=1
Jx=1+/x-5
()=o)

x=1+2/x-5+x-5
4=2Jx-5
2=+x-5
4=x-5
9=x
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34.x +4x-20 =10 9. (x+6)7=1
&:10—\/)(—20 [(x . 6)3/2:|2/3 _ (1)2/3
(\/;)2=(10—\/x—20)2
x+6=1
x=100-207x =20 +x-20 x=_5
-80 =—20/x-20 /
3/2
4=Jx-20 40. (x-1)" =
16=x-20 x-1=8"
36=x x—1=4
x=5
35 BWx=-5+~/x-1=0 "
P S e 41. (x=9)" =25
3 P2 32
(NTS) = (Vi) (=9 ] =(29)
9x -5 =x-1 x=9=(5) x-9=(-5)
I9x —45 =x-1 x=9=125 x-9=-125
8x = 44 x=134 x=-116
x = E, extraneous 2 ( _7)2/3 -9
2 . X =
No solution [(x—7)2/3}3/2 :(9)3/2
36. 4Jx-3-6x-17=13 x_7:(3)~‘ x_7:(_3)3
4yx—-3 =~6x—-17+3 x=7=27 x-7=-27
16(x—3)=(6x—-17)+9+66x—17 x=34 x=-20

10x—-40=66x—-17
S5x—=20=3y6x-17

43. (¥ -s5x-2)" =22

25x ~200x +400 = 9(6x~17) X -5x-2=(-2)'=-8
25x* —254x+553=0 X’ =5x+6=0
(x=7)(25x-79)=0 (x=3)(x-2)=0
x=7 x=3=0=x=3
(x =12 is extraneous.) x-2=0=>x=2
3. 3 1242 = 5 4. (v -x-22)" =16
2243417 =520 & —x-22=416"
(2 +5)(x" -1)=0 2 X —x-22=148
x‘/3=_% = x=-1z x =x-30=0=>x=-5,6
=1 =x=1 xz_x_14:0:>x:li;/§

38. 9P +24/ +16=0

45. 3x(x—1)" +2(x-1)"
(367 +4)(3” +4) =0

=0
(x=1)"[3x+2(x-1)]=0

317 +4=0 "
34 = 4 (x=1)"(5x-2)=0
o A _ 64 (x-1)"=0=x-1=0=x=1
3 27

5x—-2=0= x=2%, extraneous
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46. 4x2(x—1)]/3+6x()c—1)4/3 =0

2 24(x-1)" +3(x-1)" ] =0

47. X=—+—

2x°=6+x
2% —x-6=0
(2x+3)(x—2)=0

2x+3:0:>x:—E
2
x=2=0=>x=2

48. 4.5_x
x 3 6
4 5 X
6x) =~ (6x)2 = (6x)2
(63) 4 (62)2 =(61)"

24-10x=x"
X +10x-24=0
(x+12)(x-2)=0
x+12=0=>x=-12
x=2=0 =>x=2

20—x
. =
20—x=x"
0=x"+x-20
O:(x+5)(x—4)

x+5=0=>x=-5

49.

X

x—4=0=>x=4
50. 4x+1=é
X
3
(x)4x+(x)1=(x)—
X
4x° +x=3
4x* +x-3=0
(4x-3)(x+1)=0

4x-3=0 = x=

~w

x+1=0 = x=-1

51.

52.

53.

54.

55.

Section 2.5 Solving Other Types,of Equations Algebraically 179

11 5
x x+l1
NETS) LI = a(x+1)(3)
x X
x+1—x:3x(x+l)
1=3x*+3x
0=3x"+3x-1

a=3,b=3,c=-1

S3%\(3) -40)(-1) _ 321

X= =

2(3) 6
4 3 -1
x+l x+2

4(x+2)—3(x+1):(x+1)(x+2)
4x+8-3x-3=x"+3x+2
X +2x-3=0
(x=1)(x+3)=0
x=1 -3

i2+§+15=0
ot

1+8r+15¢ =0
(1+31)(1+5t)=0

1+3z=0:t:—l
3

145(=0=1=—1
5

6x*—x—1=0
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180 Chapter 2 Solving Equations and Inequalities

56.

57.

61.

X + 1 -3 PR ¢
x2_4 X+2 58. 8(:} —Z[ZJ—:;:O
X 1
(x+2)(x—2)x2_4+(x+2)(x—2)m=3(x+2)(x—2) Let+=x.Then:
x+x—2=3x"-12 82 —2x—3=0
2 _
3% ~2x-10=0 (2x+1)(4x-3)=0
a=3,b=-2,c=-10
1 3
2 [ [
L T(2)£y(2) ~4(3)(10) Tty
2(3) ;z—l:>2t=—t+l =
24124 24231 1431 -1 32
6 6 3 Lo 4=3-3 =
t—1 4
2
6( u j+5( u j—6=0 59. |2x - 5| =11
s+1 s+1
2x =5=11 or 2x-5
Letu=s/(s+1). 2x =16 2x
6> +5u—6=0 x=8 x
(3u=2)(2u+3)=0 60. [3x +2|=7
3u—2=0 = u== 3x+2=7 or 3x+2-=
3 3x =5 3x =
2u+3=0 = u=-— 5
2 ng X =
i =% = s5=2
s+1 3
s 3 3
== = s=-=
s+1 2 5
‘x‘: Xt +x—24
=x>+x-24 or —x=x*+x-24
0=1x*-24 0=x*+2x-24
Xt =24 0=(x+6)(x—4)
x = V24 x+6=0=x=-6
X = i2\/€ x—4 =0 = x = 4, extraneous
X = —2\/6, extraneous
x =276
| + 6x| = 3x +18
x2 4+ 6x =3x+18 or x2+6x:—(3x+18)
P +3x-18=0 X +6x = -3x — 18
(x+6)(x—-3)=0 X +9x+18=0
X+6=0=x=-6 (x+3)(x+6)=0
x—-3=0=>x=3 x+3=0= x=-3
x+6=0=x=-6
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63. |x+l|=x2—5

_ .2
x+l=x"-5 or Z_(X+1) x =5
P —x—6=0 X +x-4=0
(x=3)(x+2)=0 P L )
x=3 2
Xx=-2, is extraneous xz—l—ﬁ
2 2
1 17
X =——+——, extraneous
2 2
64. |x —15|= x* — 15x
x—15 = x* —15x or x—5=—-x*+15x
0=x>-16x+15 0=x>-14x-5
0=(x=13)x+1) —(~14) £ \J(14)" - 4(1)(-3)
x-15=0=x=15 *= 2
x+1=0=x=-1 14 + /216
T
x=7=* 3\/6, extraneous
65. y=x’-2x"-3x 66. y=2x"—15x"+18x"
5 40
(@) J (@) R J .
-9 /\} 9
-7 -200
(b) x-intercepts: (—1, O), (0, O), (3, 0) (b) x-intercepts: (0, 0), (%, 0), (6, 0)
() 0=x’-2x"-3x () 0=2x"-15x+18x"
0=x(x+1)(x-3) =" (20" —15x+18)
x=0 =x*(2x-3)(x-6
x+1=0=>x=-1 ( , )( )
x-3=0=>x=3 0=x"=x=0
. . 0=2x-3=>x=%
(d) The x-intercepts are the same as the solutions. 0=x—6=x=6

x-intercepts: (0, 0), (%, 0), (6,0)

(d) The x-intercepts are the same as the solutions.
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67. y=x'-10x*+9

(a) 20

Lia
ViV

-20

(b) x-intercepts: (il, 0), (i3,0)

() 0=x"-10x"+9
0=(x2—1)(x2—9)
O=(x+1)(x—1)(x+3)(x—3)
x+1=0=>x=-1
x—1=0=>x= 1
x+3=0=>x=-3
x=3=0=>x= 3

(d) The x-intercepts are the same as the solutions.

68. y=x'-29x*+100

(a) 150

ial
\

-150

(b) x-intercepts: (i‘2, 0), (iS,O)

(c) 0=x*-29x*+100

=(x" —4)(x* -25)
:(x+2)(x—2)(x+5)(x—5)

O=x+2=>x=-2

O=x-2=>x=2

O=x+5=>x=-5

O0=x-5=>x=5

X-intercepts: (—2, 0), (2, O), (—5, O), (5, O)

(d) The x-intercepts are the same as the solutions.

69. y=+11x-30—-x
(@) 3

-1 "
;o

-5

(b) x-intercepts: (5, 0), (6, 0

~

() 0=+11x-30 —x
x=+/11x-30
x> =11x-30
X =11x+30=0
(x—5)(x—6)=0

x=5=0=>x=5
x-6=0=>x=6

(d) The x-intercepts and the solutions are the same.
70. y=2x—-+15-4x
(@ 3

DRV

5
(b) x-intercept: (%, 0)
© 0=2x-+/15-4x
m =2x
15—4x=4x"
0=4x"+4x-15
0= (2x+5)(2x—3)
0=2x+5=>x=-3
0=2x-3=>x=2
x =—2 is extraneous. The x-intercept is (%, O).
(d) The x-intercept and the solution are the same.
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71.

72.

Section 2.5 Solving Other Types,of Equations Algebraically

y=3x-3Jx -4

(@) 6 /
-6 / 12

-6

(b) x-intercept: (3.09164, 0)
(©) 3x-3Jx—-4=0.Lety=+/x.

3y’ -3y-4=0
2
yz—(—3)i (-3) -4(3)(4)
2(3)
3+4/57
y:
6
Because y=\/_= 3ig/§, then
(3+457)
x=——"—=3.09164
36
(- 457)
szz 0.57503 extraneous

(d) The x-intercept and the solution are the same.

y=~Tx+36 —/5x+16 -2

(a) 0.5

NN

-0.5

(b) x-intercepts: (0, O), (4, 0)
(©) 0=~7x+36 —/5x+16 -2
JIx+36 =2 ++/5x+16

(x/7x+36 )2 :(2+\/5x+ 16)2

Tx+36=4+4/5x+16 +5x+16
Tx+36=5x+20+4/5x+16
2x+16=4/5x+16
x+8=2/5x+16
x*+16x+64=4(5x+16)
x> +16x+64 =20x + 64
X’ —4x=0
x(x—4)=0
x=0
x—-4=0=>x=4

(d) The x-intercepts and the solutions are the same.

73. y=—-

. y=x-5+

1 4

-1
x x-1

(a) 24

—24

(b) x-intercept: (—l, 0)
1 4
(© 0=—-
x x-1
0=(x—1)—4x—x(x—1)
O=x—-1-4x—x"+x
0=—x*-2x+1
0=x?+2x+1
x+1=0=>x=-1
(d) The x-intercept and the solution are the same.

-1

x+3

(@) 4

LA
C

)

(b) x-intercepts: (-2, 0), (4, 0)

(c) x—5+ 7 =0
x+3

(x=5)(x+3)+7=0
x> =2x-15+7=0
X -2x-8=0
(x—4)(x+2)=0

x—4=0=>x=4

Il
|
)

x+2=0=x

x-intercepts: (-2, 0), (4,0)

183

(d) The x-intercepts and the solutions are the same.
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184 Chapter 2 Solving Equations and Inequalities

75. y=ax+ _5 77. y=|x+1-2

x+1

(@) @ ;
8

-18

-4

(b)  x-intercept: (2’ 0) (b) x-intercepts: (l, 0), (—3, O)

9 © 0=|x+1-2
(c) 0=x+x+1—5 2:|x+l|—2
0=x(x+1)+(x+1) o -5(x+1) x+1=2o0r —(x+1)=2
x+1
x=1 —x—1=2
0=x"+x+9-5x-5
-x=3
0=x"—4x+4 ~
x=-3
0=(x-2)(x-2) (d) The x-intercepts and the solutions are the same.

O=x-2=>x=2
78. y=|x—-2|-3
x-intercept: (2, O) Y |x |

(d) The x-intercept and the solution are the same. (@ ?
76. y = 2x + -2 -7 1
x -5
(@) ! -5

-4 8

/ (b) x-intercepts: (5, 0), (—1, 0)
© 0=|x-2|-3
-7 3= |x - 2|

First tion: x—2=3 =5
(b) x-intercept: (3, 0) st equanion. x =

Second equation: —(x - 2) =3

2x + -2=0 —(x—Z):S

X —
2x(x —=5)+8-2(x-5)=0 _ —x+2:.33x=—1
(d) The x-intercepts and the solutions are the same.
2 —10x +8-2x+10 =0
2x> —12x +18 =0
X —-6x+9=0
(x=3 =0
x =3

x-intercept: (3, 0)

(c) The x-intercept and the solution are the same.
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1700
X

79. Let x = the number of students. Then 1700 is the original cost per student. So, — 7.501is the reduced cost per student
X

after 6 more students join the trip.

Verbal model: Cost per student X Number of students = Total cost

[@ - 7.50](x +6) = 1700
X
1700 + 10,200 - 7.5x — 45 = 1700
X
—-7.5x — 45 + 10,200 =0
X

7.5x% + 45x — 10,200 = 0
x> +6x —1360 =0

X =
2(1)
‘= -6 £ /36 + 5440
2
‘= -6 + /5476
2

-6 - 74

X = ————, extraneous
2

X = # = 34 students in the original group

80. Let x =monthly rent for the apartment. The original rent

for each student is x/3. By adding a fourth student, the

nt
82. A:P(Hfj n=21=20
n

rentis x/4. So,

\2(20)
X X 8055.19 = 3000(1 + f]
—=—+75 2
3 4
40
4x=3x+900 (1 + 1) = 2.685063
x =900. 2
The monthly rent is $900. r
1+ 5 = 1.025000
nt
,
81. A= P(l + nj n=12,t =10 % = 0.025000
’ (12)(10) r = 0.050, or 5.0%
11,752.45 = 7500[1 + —j
r 120
(1 + —j = 1.566993
12
-
1+ — = 1.00375
12
— = 0.00375
12

0

0.045, or 4.5%
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186 Chapter 2 Solving Equations and Inequalities

83. T=7582-2.11x+4351Jx, 5<x<40
Find x when T =212°F.
212=75.82-2.11x+4351/x
2.11x—43.51Jx +136.18 =0
Let y=\/;.

2.11y* —43.51y+136.18 =0

—(-43.51) J_r\/(413.51)2 —4(2.11)(136.18)
2(2.11)

_ 43.51£+/743.7609

422

_\/— 43.51++/743.7609

4.22

2
_[43.51 +/743.7609 ]

y=

422
x =14.806 pounds per square inch

(x~281.332 is not in the given domain, 5 < x < 40.)

84. Jo2x+1=C=25
02x+1=6.25
0.2x=5.25
x =26.25,0r 26,250 passengers

85. The hypotenuse of the right triangle is

[ 16x2 +9
x +
V 16 V

(a) Total cost =Cost of powerlme over land

+ Cost of powerline under water

_ 24 dollars . 5280 feet ( g x)mlles
foot mile
< 2
+ 30 dollars 5280 fe.et ) V16x™ +9 miles
foot mile 4

C =1,013,760 —126,720x + 39,600/ 16x* +9
(b) Find C when x =23 (miles).
C =1,013,760 - 126,720(3) +39,600,16(3)" +9
=$1,123,424.95
(¢) Find x, when C =1,098,662.40.

1,013,760 —126,720x + 39,600y 16x” +9 =1,098,662.40
39,6004/16x” +9 —126,720x —84,902.4 =0
39,600v/16x° +9 =126,720 +84,902.4

16x” +9 =3.2x+2.144
16x* +9=10.24x" +13.7216x +4.596736

5.76x* —13.7216x +4.403264 =0
Use the Quadratic Formula.
x =1.997 = 2 miles

X %0:385,=>,0.382,mile
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Section 2.5 Solving Other Types,of Equations Algebraically 187

(d) 1,600,000
_\_'_'_'_'__'_,_,_,—r

0

(e) Using the graph from part (d), if x =1 mile, the cost is minimized, C = $1,085,340.

86. d=+100"+H1

(a) B0

-

0

If d=200, h=173.

(b)

h 160 165 170 175 180 185

d | 188.68 |192.94 | 197.23 | 201.56 | 20591 | 210.3

When d =200, 170<h<175.

(c) ~100*+h* =200
100% +h* =200°
h* =200% —100°
h=173.205
(d) Solving graphically or numerically yields an approximate solution. An exact solution is obtained algebraically.

87. (a)
Year 2008 2009 2010 | 2011 | 2012

Crimes

L 11.17 10.73 10.41 10.23 10.20
(in millions)

(b) According to the table, in 2008, the number of crimes committed fell below 11 million.

() C = \/1.49145t2 —35.034r + 3096, 8 <r <12
Find t when C = 11.

11 = ~/1.49145:> — 35.034 + 309.6

2

(11)° = (\/1.491451,‘2 - 35.0341 + 3096
121 = 1.49145¢* — 35.034¢ + 309.6
0 = 1.49145:2 — 35.0341 + 188.6

| —(=35.034) £ \[(-35.034)" — 4(1.49145)(188.6)

2(1.49145)
, _ 35.034 + /1227381156 — 1125.14988
2.9829
. _ 35.034 x /102231276
2.9829
t =~ 8.36,15.13

Because ¢ = 15.13 is not in the domain of the model, ¢ = 8.36.

So;in 2008, the number of crimes’committed fell’below 11 million.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

College Algebra Real Mathematics Real People 7th edition Larson Solutions Manual


https://testbank.online/books/9781305071728-solutions

188 Chapter 2 Solving Equations and Inequalities

@ 2

—_—

In 2008, the number of crimes fell below 11 million.

88. (a) and (b)

4000

The model is a good fit for the data.
(c) Findrwhen S = 4.

s = 110386 - 0488 L 01677 1< <12
t
4000 = 110.386r — @ +2167.7
0 = 110386 — 104988 18373
0 = 110.3861> — 1832.3r — 16.4988
—(-1832.3) £ \/ (~1832.3)° — 4(110.386)(~16.4988)
- 2(110.386)
. 18323 +/3357.323.29 + 7284.9461472
220.772
. 18323 + \/3364,608.23615
220.772
t = 16.61,-0.01

Since t = —0.011is not in the domain of the model, ¢ = 16.61.

In 2016, the average MLB player salary will exceed $4 million.

89. False. An equation can have any number of extraneous solutions. For example, see Example 7.

90. False. Consider |x| =0=x=0.

91. (a) The distance between (l, 2) and (x, —10) is 13. (b) The distance between (—8, 0) and (x, 5) is 13.
\/(x—1)2+(—10—2)2 =13 (x+8) +(5-0)" =13
(x=1)" +(-12)" =13? (x+8) +5° =13
X =2x+1+144=169 X +16x+64+25=169
X =2x-24=0 x> +16x-80=0
(x+4)(x—6)=0 (x+20)(x-4)=0
x+4=0=>x=—4 x+20=0 = x=-20

x—6=0=>x=6 x—-4=0 => x=4
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9. x+Jx—a=b, x=20 94. (a) The expression represents the volume of water in the
tank.
20++v20—-a =b ) )
One solution isa =19 and b =21. Another solution is (b) Solve the equation for x and substitute that value
a=b="20. into the expression x> to find the volume of the cube.
93. Dividing each side of the equation by x loses the solution 95, 8 + 3_16 + 2.5
x=0. The correct method is to first factor: 3x 2x 6x 6x Ox
X =25x=0
x(x2 - 25) =0
x=0
x> =25
x=15
96 2 1 _ 2 B 1
X4 xX*-3x+2 (x—2)(x+2) (x—Z)(x—l)
Z(x -1 (x + 2)

(x—2)(x+2)(x—1) (x—2)(x—1)(x+2)
_ 2(x-1)—(x+2)
(x—2)(x+2)(x—l)

_ x—4
_(x—Z)(x+2)(x—1)
2 2 2 2 5
97. ——|3-=|=—+-3+— 98. 25y2 +Y —05y2| 2L
z+2 [ zj Z+2 z Y 5 Y (xyj
:22—3(z+2)z+2(z+2) =125(2j,y¢0
z(z+2) X
27-37" —6z+2z+4
= Z(Z+2) 99, x*—22x+121=0
2
=372 -2z+4 (x=11)"=0
B z(z+2) x=11

100. x(x—20)+3(x—20) =0
(x+3)(x-20)=0
x=-3,20
Section 2.6 Solving Inequalities Algebraically and Graphically

1. double 8. x <2

2. —a<x<a Matches (a).

3. x<—-a,x2a 9. -2<x<2

4. zeros, undefined values Matches (f).

5. The inequalities x—4 <5 and x >9 are not equivalent. 10. -2 <x<2
The first simplifies to x—4 <5= x <9, which is not Matches (b).

equivalent to the second, x > 9.
11. 2<x<2
6. The Transitive Property of Inequalities is as follows:

a<bandb<c=a<c. Matches (e).

7 <2 12. -2 <x<2
Matches (d). Matches (€).
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190 Chapter 2 Solving Equations and Inequalities

13. 5x-12>0 -X
15. -1 <1
@ x=3 <
? =-1
5(3)-1250 @ x
23—(-1)2
3>0 -1< 2 <1
Yes, x=3 is a solution. l<2<1
® x=-3 , No, x=-1 is not a solution.
5(-3)-12>0 ® x=+5
_ 23— ?
2740 . REERERS
No, x =-3 is not a solution. 2
=3 —
© *=2 BPEERS
5(2) 1230 ’
7)—12> 3_\/5
Note: =(.382
>0 2
Yes, x=2 is a solution. Yes, x=\/§ is a solution.
@ x=3 (c) x=1
?73-17?
3 12 <
5(2)-12>0 1< 5 <1
-2X0 -l<i<1 .
No, x=2 is not a solution. Yes, x=1 is a solution.
d x=5
14. 5<2x-1<1 23_82
—1<ﬂ£l
(@ x=2 2
, , “l<-1<1
-5<2(2) —1<1 No, x =35 is not a solution.
-5 <3 16. |x—10/23
No, x = 2is not a solution. (a x=13
b = —2 ?
®) i i 13-10[23
~5<2(-2) - 1<1 EEE
—SX -5<1 Yes, x =13 is a solution.
No, x = —2 is not a solution. (b) x=-1 .
© x=0 [-1-10[23
|-11]>3

~5<2(0) - 1<1

Yes, x=-1 is a solution.
-5<-1<1 (C) x=14

Yes, x = 0 is a solution. |14_10|;3
1
@ x=— |4]>3
, | 5 Yes, x =14 is a solution.
_5<2(_E)_1S1 (d x=8
5<_2<] |3-10]>3
1 |—2| >3
Yes, x = ——is a solution. . .
2 No, x =28 is not a solution.
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17.

18.

19.

20.

21.

22,

23.

24.

Section 2.6 |Solving Inequalities Algebraically and Graphically

6x > 42 25, 1<2x+3<9
x>17 -2<2x<6
A I St -1<x<3
012 3 456 789
P L T
T |
-2 -1 0 1 2 3
- <
102 < 40 26. -8<-3x+5<I3
X2 —4 _13<-3x<8
 F x 13> _38
-5 -5' -3 2 -1 0 1 3 =X
—faxgl
4x+7<34+2x g 3
2x<—4 3 1.
. ]
x<_2 -3-2-1 0 1 2 3 4 5
y . x
4 -3 -2 -1 o0 1 27. —8S1—3(x—2)<13
-8<1-3x+6<13
3x+122+x
-8<-3x+7<13
2x2>1
. —-15<-3x<6
x25 52x>-2=>-2<x<5
1 i 1, .
2 \ J -
! ! L . X -2-1 0 1 2 3 4 5
" F )
-1 0 1 2
28. 0S2—3(x+1)<20
2(1-x) <3x+7 0<-3x-1<20
2-2x<3x+7 1< -3x<21
-5x <5 —I>x>-T=>-T<x<-1
x> -1 _%
Lt . 1.
t ¢ ‘ - x —+¢ ]
N B 0 j 8 -7 =6 -5 -4 -3 -2 -1 0
2x+7<3(x—4) 2. 4 2x—3<4
2x+7<3x-12 3
19<x=>x>19 —12<2x-3<12
, -9<2x<15
18 19 20 21 : 9 15
——<x<—
2 2
2x—6<x-7
1 2 15
i ¥ ;
=t T
X -6-4-2 0 2 4 6 8
>4
+3
A . 30. 0< ' Z<5
2 3 4 5
, 0<x+3<10
3+2x>x-2 3<x<T
21+2x>7x-14
P o L}
35>5x 432101234567
T>x
x<7
} - x
) }
5 6 7 8
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192 Chapter 2 Solving Equations and Inequalities

31. 5-2x21
—2x2-4
x<2

32. 20<6x-1

-6

33, 3(x+1)<x+7
3x+3<x+7
2x<4
x<2

6

34. 4(x—3)>8—x

-5

Using the graph, (a) y=1 for x>2 and (b) y<0 for

x<3
Algebraically:
(@ y=1
2x-321
2x=24
xz2

36.

37.

(®) y<0
2x-3<0
2x<3
x<3
6
-5 el 7

—2
Using the graph, (a) y<5 for x<6, and (b) y=0 for
x>-3
Algebraically:
(@ y<5
2x+1<5
%xS4
x<6
®  y20
2x+120

vV
—

X

Wl

vV

X

A

\

Using the graph, (a) —1<y<3 for £<x<3, and (b)

y<0 for x23.

olw

-2

Algebraically:

(@ -1<y<3
-1<-3x+8<3
-9<-3x<-5

32x2%33<xﬁ3

(b) y<0
-3x+8<0

8<3x

8 8
?SX:>X2§
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38.

39.

40.

41.

42.

43.

N

-2

Using the graph, (a) 0<y<3 for 2<x<4 and

(b) y=0 for x<4.
Algebraically:
(a) 0<y<3

0<—1x+2<3

-2<—-1x<l1

4>2x>2-2=>-2<x<4

(®) y20
—2x+220
221x

4>x=>x<4

|5x|>10
5x<—10 or 5x >10

x<—-2or x>2

)
7 t t t
-3 -2 -1 0 1

L
\
2 3

X
2
|x|£2

—2<xL2

<1

4 [
—+—
-4 -3-2-1 0 1

b |
]
2 3 4
|x—7|£6
—-6<x-7<6
1<£x<13

13
k|

T

f >
02 4 6 8 101214

|x—20[>4
x—20>4 or x—20<-4
x>24 or x<16

Y 4 4 4 L
17— + + Ly
14 16 18 20 22 24 26

x

=5

2
|x—3=10
x=32100orx-3<-10
x>13 or x<-7
-7 13

-9-6-3 0 3 6 9 1215

44. p+mh3zn
|x+14|>14

x+14<-14or x+142=14

x<-28 or

h | 4 4 4 E

Section 2.6 |Solyving Inequalities Algebraically and Graphically

x=0

1 t t t T
-35-28-21-14 -7 0 7

X

45. 10[1-4<5
1
|1—x|<7
1 1
—7<1—x<7
3 1
—7<—x<—7
3 1
1>x>1
1 3
7<x<7
1 3
2 2
+ + ( ) t x
-1 0 1 2
46. 3[4-5x<9
|4-5x<3
-3<4-5x<3
-7T<-5x<-1
7 1
?>X>?
1 7
?<x<?
1 7
5 5
— —)— x
0 1 2
47. y=|x—3|
7
-3 9

-1

193

Graphically, (a) y<2 for I<x<5 and (b) y=4 for

x<-lorx=7.

Algebraically:

(@) y<2
|x-3<2

—2<x-3<2
1<x<5

(b) yz4
|x—3|=4
x=3<-4 or

x<-1 or
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48. y= H x+ 1| 55. All real numbers more than 3 units from —1
|x + 1| >3

56. All real numbers at least 5 units from 3

/ |x=3|=5

~14 10
> 57. X —4x-5>0
Graphically, (a) y<4 for -10<x <6 and (b) y=1 for (x—S)(x+l) >0
x<—4orx=0. Key numbers: —1, 5
I(Al)gebralcally;4 Testing the intervals (—<><>, —l), (—1, 5) and (5, <>°), we
a <
Y have x*—4x—-5>0on (—eo, —1) and (5, o).
Bx+1|<4 o 2
Similarly, x* —4x—-5<0on (—1, 5).
—4<ix<4
58. > -3x-4>0
-5<1ix<3 rm
-10<x<6 (x—4)(x+1)>0
(b) y=>1 Key numbers: —1, 4
|§x+1| 21 Testing the intervals (—eo, —1), (—1, 4), and (4, =), we
Ix+1<-1 or Lx+121 have x> —3x—-4>0o0n (—oo, —l) and (4, oo).
1x<-2 or  1x20 Similarly, x* —=3x—4 <0 on (-1, 4).
x<—4 or x>0

59. 2x*—4x-3>0

49. The midpoint of the interval [—3, 3] is 0. The interval Key numbers: x =

4416 +24 +J—
=1t

represents all real numbers x no more than three units

from O. Testing the intervals

|x—0]<3 oo 1——J_] [1——*/— 1+ —*/—] nd
|x| <3 2 2

Jio

50. The midpoint of the interval (— 1, 1) is 0. The two 1“’79 “Ja you have 2x* —4x~-3>0 on

intervals represent all real numbers x more than one unit

from 0. 1_‘/— 1+_‘/_

|x—0|>1

|x|>1 on[ \/EJU[I \/ﬁ w]'

] Similarly, 2x* -4x-3<0

—o0, | —~——

51. The midpoint of the interval (-5, 3)is —1.The two

intervals represent all real numbers x at least four units
from —1.

‘x - (—1)‘ > 4

‘x+1‘24

52. The midpoint of the interval (4, 10) is 7. The interval
represents all real numbers x less than three units from 7.

‘x—7‘<3

53. All real numbers less than 10 units from 6
|x—6]<10

54. All real numbers no more than 8 units from —5
|x+5]<8
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60.

61. There are no key numbers because —x” +6x —10 # 0. The

Section 2.6 |Solyving Inequalities Algebraically and Graphically 195

—2x* +x+5=0
2x* —x-5=0
1£1-4(2)(-5) 14441
Key numbers: x = 5 (2) = 1

Test intervals:

(T ()

4 4

o

4 44 4

—t— o0

s

4 4

2x*—x=5>0 on [—00, l—
4

41] and
4
[1 Ja1

—+——, 0 |,and 2x*—x—-5<0 on
4 4

[L_E 1+Jﬁj_

bl

4 4 4 4

only test interval is (—<><>, <><>). —x>+6x—10<0 forall x.

62. There are no key numbers because 3x> + 8x + 6 # 0.

63.

The only test interval is (—oo, co). 3x%> + 8x + 6 > Ofor

all real numbers x.

X +4x+429
XX +4x-520
(x+5)(x—1)20

Key numbers: x=-5, x=1

Test intervals: (—eo, —5), (=5, 1), (1, e)
Test: Is (x+5)(x—1)>0?

Solution set: (—oo, —5] u[l, <><>)

X
-6-5-4-3-2-1 0 1 2

64.

65.

66.

67.

X —6x+9<16
X —6x-7<0
(x+1)(x—7)<0

Key numbers: x=-1, x=7

(=o0, =1)=(x+1)(x=7)>0

(-1, 7)= (x+1)(x=7)<0
(7, 00)=(x+1)(x=7)>0

Test: Is (x+1)(x 7)<O"

Test intervals:

Solution set: (—l, 7)

(x+2) <25

X +4x+4<25

X +4x-21<0
(x+7)(x-3)<0

Key numbers: x=-7, x=3

Test intervals: (—oo, —7), (—7, 3), (3, <><>)
Test: Is (x+7)(x—3) <0?
Solution set: (—7, 3)

-7

L
L t t t
-8 -6 —4 —2 0o 2 4

(x=3)" 21
-3>21 or x-3%<-1
x>4 x<2
b | L x
J ' L
0 1 2 3 4 5
X —4x* >0
xz(x—4) >0

Key numbers: x = 0,x = 4
Test intervals: (—co, 0), (0, 4), (4, )
Test: Is x*(x — 4) = 0?

Solution set: x = 0, x = 4 and
(4,00) =>x=0uvU [4,00)

c e

bt -
-2-1 1234567
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196 Chapter 2 Solving Equations and Inequalities

0 72. 20" +13x° —8x—-46 26
0 2x° +13x>—8x—-52>0
x*(2x+13)-4(2x+13) 20

(2x+13)(x* -4)=0
(2x+13)(x+2)(x-2)=0

IN

68. x° —3x*
x*(x = 3)

Key numbers: x = 0, x = 3

IN

Test intervals: (—eo, 0), (0, 3), (3, =)

Test: Is x*(x — 3) < 0?
Key numbers: x=—2, x=-2, x=2

Test intervals: (—00, —%), (—%,—2), (-2, 2), (2, )
Test: Is (2x+13)(x+2)(x—-2)20?

Solution set: (—eo, 0), x = 0, (0, 3), and
x=3= (-3

] t + X
P23 4 s Solution set: [—— —2] [2 oo
69. 2%’ +5x* —6x-9>0 Bt
2
(x+1)(x+3)(2x—3)>0 " E 3  F x

-8 -6 -4 -2 0 2 4
Key numbers: x=-3, x=—-1, x=

Test intervals: (—eo, 3), (-3, —

( %) (, ) 73. 3x*-11x+16<0

Since b* —4ac =-71<0, there are no real solutions of

),
: - 9
Test:Is (x + 1)(x + 3)(2x - 3) > 07 332 —11x+16=0. In fact, 3x° —11x+16 >0 for all x.

Solution set: (—3 , ( ) No solution
5 74, 4% +12x+9<0
B RS SR (2x+3) <0
2x+3=0
70. 2x° +3x° —11x-6<0 x=-2
(x=2)(x+3)(2x+1)<0 ,
Key numbers: x=-3, x=—1, x=2 . -
Test intervals: (—oo, —3), (—3, —%), (—% 2), (2,0) Co
Test: Is (x — 2)(x + 3)(2x + 1) < 0? 75. 4x* —4x+1>0
(2x -1 >0

Solution set: (—oo —3), (—%, 2)

Key number: x = %

¢~N\—‘

\ +—+
-6 -5 —4—1 -2-1 0 1

Test intervals: (—oo, l} (l’ ooj
71. =3 —x>-3 2/ 2

¥ =3x*-x+3>0 Test: Is (2)6—1)2 > 0?
xz(x—3)—(x—3)>0 1 |
) Solution set: | —eo, — |, | —, oo
(x=3)(x*-1)>0 2/ 2
(x—3)(x+1)(x—1)>0
Key numbers: x=3, x=-1, x=1 321 001 2 03
Test intervals: (—oo, —l), (—1, 1), (1, 3), (3, <><>)

)y
7
2 3

2
Test: Is (X—3)(x+l)(x—l)>0? 76. x”+3x+8>0

Solution set: (_1 1) (3 o0) Because x> +3x+8#0, there are no real key numbers.

x* +3x +8 is always positive.

X

4 Solution set: all real numbers x

L hY L
\ 7 ' \
-1 0 1 2 3

X

-4-3-2-1 0 1 2 3 4
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Section 2.6 |Solving Inequalities Algebraically and Graphically 197

77. (@ f(x)=g(x) whenx=1. (b) y=236
(b) f(x)=g(x) whenx>1. X' —x*—16x+16236

(© f(x)>g(x) whenx>1, X' —x?—16x-20>0
(x+2)(x—5)(x+2)20

78. (a) f(x)=g(x) whenx=—1orx=3. y236 when x =-2, S5<x <eo.

() f(x)=g(x) whenx<-lorxz23. s.. L_.s0
(©) f(x)> (x)whenx<—10rx>3. X
1-x? >0
79. y=—x"+2x+3 X

Key numbers: x =0, x ==%1
Test intervals: (—eo, —1), (=1, 0), (0, 1), (1, =)

1_ 2
/K\ . Test: Is T >09

T x

-2 Solution set: (—oo, —l)u(O,l)
Using the graph, (a) when x <—1 orx =23 and S o
(b) y=3 when 0< x <2. I S R
Algebraically: 1
(@) —x*+2x+3<0 82. ——4<0

x
2
x =2x-320 1—4x 0
(x—3)(x+1)20 x <

Key numbers: x=—1, x=3
Testing the intervals (—ee, —1), (=1, 3), and (3, o),

1
4
you obtain x < -1 orx =3.
() —x*+2x+323 Test intervals: —<><> 0 ( j ( J

—x*4+2x20

Key numbers: x=0, x=

1-4x
: 9
x> =2x<0 Test: Is . <09
-2)<0 1
x(x ) Solution set: (—<><> 0) ( OOJ
Key numbers: x=0, x=2 4’
1
Testing the intervals (—e<,0), (0,2) and (2, o), , )
7\
you obtain 0 < x <2, -1 0 1
80. y=x—x’—16x+16 83. X6 _5cp
x+1
T x+6-2(x+1)
— =<0
/\ x+1
i 4-x
-10 10 SO
|II W x+1

-24
Key numbers: x=—1, x=4

Using the graph, (a) y<0 when
Test intervals: (—eo, —1), (=1, 4), (4, )

—o<x<—4 and 1<x<4, and (b) y =236 when

x=-2and 5<x <ee. Test: Is 4_xSO?
Algebraically: x+1
(a y<O0 Solution set: (—oo, —1)u[4, oo)
X =x"—16x+16<0 N
2 (x=1)-16(x-1)<0 S 02 i

(x—l)(x2 —16) <0

y<0 when —o<x<—4, 1<x<4.
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198 Chapter 2 Solving Equations and Inequalities

84, Rt P 86. y=—2°
x+2 x“+4
x+12—3(x+2)20 .
x+2
6—2x >0 -6 6
x+2
Key numbers: x=-2, x=3 -4
Using the graph, y>1when 1<x<4 and y<0 when
Test intervals: (—00, —2), (—2, 3), (3, 00) & graph, ¥ Y
—0< x<0.
Test: Is 6—-2x >09? Algebraically:
x+2 (a) y=>1
Solution set: (—2, 3] S5x >1
, 1., x> +4
2 1 0 1 2 3 5x—(x2+4)
—20
3X X +4
85. y=
X +4 a
8
Key numbers: x=1, x=4
e Test intervals: (—o, 1), (1, 4), (4, =)
-6 - 12
R G [ Gl s
. Test: Is > <07
— x +4
Using the graph, (a) y<0 when 0< x <2 and (b) Solution set: [L 4:|
y26 when 2<x<4. (b) y<0
Algebraically: S5x <0
@  y<0 e
3x <0 Key number: x=0
x=2" Test intervals: (—eo, 0), (0, o)
Key numbers: x=0, x=2 X
Test: 1 <0?
Test intervals: (—eo, 0), (0, 2), (2, <) ohS 0
Test: Is 3x <02 Solution set: (—0<>, O]
s <0
Solution set: [0, 2) 87. Jx-5
(b) y >6 x—=520
x25
A .
=2 Domain: [5, 00)
3x— 6(x - 2)
x-2 20 88. Vox +15
—3x+12>0 6x+152>20
x=2 6x = —15
Key numbers: x=2, x=4 5
Test intervals: (—o, 2), (2, 4), (4, =) x 2 3
—3x+12
Test: Is TZ 0? Domain: |:—%, oo)

Solution set: (2, 4]
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39. \/m 93. (a) Find t when P(t) = 450. Using the graph,
e ril2> P(r) = 450 at about ¢ = 5. So, in 2005, the
P x-12< population was 450,000.
(x B 4)(x N 3) < (b) Find the interval of r when P(t) < 450. Using the
graph, P(r) < 450 for 0 < ¢ < 5.So, from 2003 to

Key numbers: x = =3,.x = 4 2005, the population was less than 450,000.

Test intervals: (=eo, =3) > 0 Find the interval of  when P(r) > 450. Using the
(=3.4) <0 graph, P(t) > 450 for 5 < t < 12.So, from 2005
(4.00) > 0 to 2012, the population was greater than 450,000.

Domain: -3, 4] 94. (a) Find r when P(t) = 400. Using the graph,

90, m P(t) = 400 at about ¢ = 9.So, in 2009, the
population was 400,000.
2x* -8 =0

(b) Find the interval of # when P(r) < 400. Using the

2(x-2)(x+2)20
graph, P(f) < 400 for 9 < ¢ < 12. So, from 2009 to

Key numbers: x = -2, x = 2 2012, the population was less than 400,000.
Test intervals: (—eo, —2) > 0 Find the interval of # when P(r) > 400. Using the
(-2.2)<0 graph, P(r) > 400 for 3 <t < 9. So, from 2003 to
(2,) >0 2009, the population was greater than 400,000.
Domain: (~eo, =2 U [2, o) 95. (a) s=-161"+v,t+s,
. s=—16t" +160¢
91. /3x% - 20x -7
s=161(10-1)
2 p— p—

3x 20x -7 = s =0 when 7 =10 seconds.
(Bx +1)(x = 7) 2 (b) s=—16t>+160¢ >384

1 o
Key numbers: x = — x = 7 16¢° —160r +384 <0

3 16(1—6)(t1—4)<0

Key numbers: 1 =6, 4
s >384 when 4 <t <6.
96. (a) s=-161+v+s,

=-16¢" +128¢

(7,0) > 0 =16t(8-1)

1 =
Domain: (—oo, —f} U [7, ) =8 seconds

3 (b) 161> +1281 <128

16> —128t+128 >0
92. I2x2 +4x+3 Key numbers: ¢ ~1.17, 6.83

2x* +4x +3 20 (0, 1.17), (6.83, 8)

There are no key numbers.

Test interval: (—eo, e) > 0

Domain: (—os, o)
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97. D = 0.0743t> + 0.628¢ + 42.61,0 < t < 22

(a) 100

/

(b) The number of doctorate degrees was between 50 and
60 thousand for about 6 < ¢ < 11, or (1996, 2001).
(c) 50 < 0.0743r% + 0.628¢ + 42.61 < 60
Find the key numbers.
50 = 0.0743t> + 0.628¢ + 42.61
0 = 0.0743¢> + 0.628t — 7.39
and
0.0743¢% + 0.628¢ + 42.61 = 60
0.0743¢*> + 0.628t — 17.39 = 0
Key numbers: ¢ = 6.6,t = —15.1,# = —20.1 and
t =11.6
Note: t+ = —15.1 and ¢

domain.

—20.1 are not in the

Solution set: 6.6 < ¢ < 11.6, which corresponds
to (1996, 2001)

100. W(1) < 600
~2.92/> + 52.0¢ + 381 < 600

—2.92¢% +52.0t — 219 < 0
Key numbers: ¢ = 6.83, t = 10.97

AN

IN

After testing the intervals, ¢+ < 6.83 and ¢ = 10.97.

98. (a) and (b)

350

100 |———————| 300
0

(¢) For y>200, x>181.5 pounds

(d) The model is not accurate. The data are not linear.
Other factors include muscle strength, height,
physical condition, etc.

In Exercises 99-102, use the following equations.
Bed Bath & Beyond: B = 86.5¢ + 342,0 < ¢t < 13

Williams-Sonoma:
W = —2.92t* + 52.0¢ + 381,0 < t < 13

99. B(r) > 900
86.5¢t + 342 > 900
86.5t > 558

t =65

During the year 2006, there were at least 900 Bed Bath &
Beyond stores.

From 2000 to 2006 and 2011 to 2013, there were at most 600 Williams-Sonoma stores.

101. B(r) = W(r)
86.5¢ + 342 = —2.92¢* + 52.0¢ + 381
2.92¢* +345t -39 =0

t = 1.04, t = —12.85 (not in the domain of the models)
In 2001, there were about the same number of Bed Bath & Beyond stores as Williams-Sonoma stores.

102. B(t) = W(t)
86.5t + 342 > —2.921* + 52.0¢ + 381
2,922 + 34.5t — 39 > 0
t >1.04

Note: 1 = —12.85 is not in the domain.

During the year 2001, the number of Bed Bath &
Beyond stores exceeded the number of Williams-
Sonoma stores.

vV

vV

103. When t =2: v = 333 vibrations per second.

104. For v =600, r =3.6 mm.

105. When 200 < v < 400,
1.2<t<24.

106. For ¢ <3, 0 <v<500.
107. False. If —10<x <8, then 10=>—x and —x <-8.
108. True. 2x” +3x+62>0 for all x.

109. False. Cube roots have no restrictions on the domain.
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110. (iv) a<b

(i) 2a<2b
(iii) 2a<a+b<2b
a+b

@i a< <b

111. (a) When solving this inequality, you do not

112. (a) The polynomial equals zero at x = g and at x = b.

need to reverse the inequality symbol. So, in the
solution, the symbol will be <. Matches (iv).

(b) When solving this inequality, you need to reverse the
inequality symbol. So, in the solution, the symbol

will be >. Matches (ii).

(c) When solving this inequality, you will use a double
inequality that results in a bounded interval. Matches

(iii).

(d) When solving this inequality, you will use two

separate inequalities. The solution will contain two

unbounded intervals. Matches (i).

() f(x) > 0ontheintervals (—eo, a) and (b, o),

and f(x) < O on the interval (g, b).

When x < aor x > b, the factors have the same
sign so the product is positive. When a < x < b,

the factors have opposite signs so the product is
negative.

(c) The polynomial changes signs at the critical numbers

x =aand x = b.

Section 2.7 “Linear Models and Scatter Plots

113. y=12x
x=12y

114. y=5x+8

115. y=x+7

116. y=3y-17
x=3/y-17
X=y-7

X+7=y
f’l(x)=x3+7

117. Answers will vary. (Make a Decision)

Section 2.7 Linear Models and Scatter Plots

E o o

positive
regression or linear regression

negative

No. The closer the correlation coefficient |r| is to 1, the

better the fit.

(@ y

60+

°

50+ eg00
40+ s
»

30+ @

20te

10+

Monthly sales
(in thousands of dollars)

X
1 2 3 4
Years of experience

(b) Yes, the data appears somewhat linear. The more
experience x corresponds to higher sales y.
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g 167 ° oo
‘5 14+ e o o
£ °
o 12 o
g 10- o0 o
3 °
2 8+ °
g 6 °
A 21

X

2 4 6 810121416
Score on first quiz

(b) No. Quiz scores are dependent on several

variables, such as study time, class attendance, etc.

7. Negative correlation
8. No correlation
9. No correlation

10. Positive correlation
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11. (a) and (b) 15. (a) and (b)

v

—_ 0w A
—t—t—+

—t—t— —t—t—
-4 -3 -2 12 3 4

24
34
44

(c) Using the points (1, 1) and (4, 4), an equation of

o (c) Using the points (0, 7) and (6, 0), an equation of
the lineis y = x. . 7
the lineis y = —ex+ 7
12. (a) and (b)

16. (a) and (b)

y

(c) Using the points (0, 0) and (I, —2), an equation of
the lineis y = —2x.

¢) Using the points (3, 4) and (5, 6), an equation of
13. (a) and (b) © g the points (3, 4) and (5, 6), an eq

thelineis y = x + 1.
17. y=046x+1.6

(a) °

e .

-1

(b)
‘ . . X 3 [ 1 ]0] 2 4
(c) Using the points (0, 2) and (=2, 1), an equation of Linear equation | 0.22 | 1.14 | 1.6 | 2.52 | 3.44
Given data 0 1 2 3 3

1
the lineis y = —x + 2.
2 The model fits the data well.

14. (a) and (b) 18. y=-13x+28

(@) 7

R

*,
—2
(b)
X -2 -1 0 1 2
Linear equation 54 4.1 | 2.8 1.5 0.2
(¢) Using the points (2, 3) and (3, 2), an equation of Given data 6 4 2 1 1
the lineis y = —x + 5. The model fits the data fairly well.
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19. (a) d 20. (a)and (c)
é ™ ° 400
E T
£ s+ b
153
o o4t °
< 3t
£ ,1 °
= > F
2040 60 80 100 The model fits the data well.

Force (in kilograms)
(b) d=0.07F-0.3

(¢) d=0.066F or F =15.13d +0.096
(d) If F=55,d=0.066(55)=3.63 centimeters.

(b) S =1528 +145.8

(d) For 2020, = 20 and
S = 15.28(20) + 145.8

= 451.4 million subscribers.

Answers will vary.

21. (a) and (¢)

400

0 15

The model fits the data well.
(b) V =228t +12.8

(d) For2015, t = 15Sand V = 22.8(15) + 12.8 = $354.8 million.
For 2020, t = 20and V = 22.8(20) + 12.8 = $468.8 million.

Answers will vary.
(e) 22.8; The slope represents the average annual increase in salaries (in millions of dollars).

22. (a) and (¢)

80

d—Ff*_FJF'FJ_.d.r-F'J

0 12
0

The model fits the data well.
(b) S =1.61r +39.6
(d) For2020, t = 20and S = 1.61(20) + 39.6 = $71.8 thousand.

For 2022, t = 22and S = 16.1(22) + 39.6 = $75.82 thousand.

Answers will vary.

23. (a) and (c)

9000

ol . . .. . ... ... .
8400

(b) P =373t + 8416

@ [ vear 2008 2009 2010 2011 2012 2013
Actual | 8711 8756 | 8792 | 8821 8868 8899
Model | 87144 | 87517 | 8789 | 88263 | 8863.6 | 8900.9

The model fits the data well.
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(e) For2050, t = 50and P = 37.3(50) + 8416 = 10,280.8 hundred people or 10,280,800 people.

Answers will vary.

24. (a) and (c)

600

(b) P =59t + 506

(d)

25.

26.

Year 2009 2010 2011 2012 2013
Actual 560 564 568 577 583
Model 559.1 565 570.9 576.8 582.7

The model fits the data well.

(e) For 2050, t = 50and P = 5.9(50) + 506 = 800.5 thousand people or 800,500 people.

Answers will vary.

(@) y = 45.70x + 108.0
(b) 250

1l . . . J3
150

(c) The slope represents the increase in sales due to
increased advertising.

(d) For $1500, x = 1.5,and
y = 45.70(1.5) +108.0 = 176.55 or $176,550.

(a) 1800
5 : ? e e 14
1440
The first three points and the last four points are
approximately linear.
(b) T, =97t + 908
T, = 12.7t + 1624
6<tr<8

97t + 908,
© T=
127t + 1624, 8 <t <12

1800

e

/

Sl . . . .
1440

(d) Answers will vary.

27. (a)

(b) The negative slope means that the winning times are

©

(d)

e

()

T =

i

r

-0.015¢ + 4.79
-0.866

generally decreasing over time.

5.2

170

3.6

Year 1956 | 1960 | 1964 | 1968 | 1972
Actual | 491 | 484 | 472 | 453 | 432
Model | 4.70 | 4.64 | 4.58 | 452 | 4.46
Year 1976 | 1980 | 1984 | 1988 | 1992
Actual | 4.16 | 4.15 | 4.12 | 4.06 | 4.12
Model | 4.40 | 434 | 428 | 422 | 4.16
Year 1996 | 2000 | 2004 | 2008 | 2012
Actual | 4.12 | 4.10 | 4.09 | 4.05 | 4.02
Model | 4.10 | 4.04 | 398 | 3.92 | 3.86

The model does not fit the data well.

The closer | r| is to 1, the better the model fits

the data.

No; The winning times have leveled off in recent
years, but the model values continue to decrease to
unrealistic times.
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28.

29.

30.

31.
32.

(@ [ =034d + 77.9

r = 0.993

0

(b) Yes, |r| is close to 1.

(c) 120

/

offl . .. ... J100
70

The data fits the model well.
(d) For d =112, 1 = 034(112) + 77.9 = 11598 or
about 116 centimeters.

True. To have positive correlation, the y-values tend to
increase as x increases.

False. The closer the correlation coefficient is to —1 or 1,
the better a line fits the data.

Answers will vary.

(a) () y=-0.62x+10.0

r=-0.986
The data are decreasing, so the slope and
correlation coefficient are negative.

12

m.‘\

0

@) y=041x+2.7
r=0.973

The slope is less steep than the slope of the line
in (iii). The line is a better fit for the data than
the line in (iii), so the correlation coefficient will
be greater.

12

’_A_,.J—“"—.J—‘

Section 2. 7"Linear Models and Scatter Plots 205

(iii) y=0.68x+2.7
r=0.62
The slope is steeper than the slope of the line in

(ii). The line is not a good fit for the data, so the
correlation coefficient will not be close to 1.

(b) Model (i) is the best fit for its data because its

r-value is —0.986, and therefore |r| is closest to 1.

33, f(x)=2x"-3x+5

(@ f(-D=2+3+5=10
(b) f(w+2)=2(w+2)2—3(w+2)+5
=2w? +5w+7

34. g(x)=5x"— 6x+1

(a) g(2)=5(4)-6(-2)+1=33
(b) g(z-2)=5(z-2)"-6(z—2)+1
=572 -262+33

35. 6x+1=-9x-8
15x=-9
9 3

5 5

36. 3(x—-3)=Tx+2
—11=4x
11
4

37. 8x*—10x-3=0
4x+1D(2x-3)=0

38. 10x*-23x-5=0
2x=50Gx+1)=0
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Chapter 2 Review

1. 6+ =5 2 gp_2 _Ox+l
x—4 x+3 3
@  a-l @ 53
) 6+ is undefined.
3 7 -3+3
6+ 1 =5 . .
5 -4 No, x=-3 is not a solution.
3 (b) x=3
6+ =5
3 2 6(3)+1
2 6s 2 2%C)
6+2%5 3+3 3
11 381219
No, x = 5 1s not a solution. 6 3
) x=0 Yes, x=3 is a solution.
6 3 ?5 (C) x=0
+ =
- 2 6(0)+1
0-4 6+L£L
6_225 0+3 3
s 2021
525%5 3 3
No, x=0 is not a solution. No, x=0 is not a solution.
) x=-=2 @ 2
x=—=
9
6+ 3 =5 3
o4 o 2 26(=2/3)+1
6-L25 (-2/3)+3 3
2
55%5 64024
No, x=-2 is not a solution. 7
d x=1 No, x =—% is not a solution.
3
6+——=5
1-4 3.+ 2=
N 18 10
6-1=5 5x + 9x = 630
5=3 . 14x = 630
Yes, x=11is a solution. v =45
4 £+£ =9
2 17
Tx + 2x =126
9x =126
x =14
5 13
x—2 2x-3
10x—-15=13x-26
11=3x
_u
3
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6. 0 _ 12
x+1 3x-2
10(3x—2)=12(x+1)

30x-20=12x+12

18x =32
32 16
X=—=—
18 9
7. 14+ =10
2 _ 4
x—1
2=—4(x—1)
2=-4x+4
dx=2
1
x=—
2
8. 10+ 2 =4
x—1

10(x—1)+2=4(x~1)
10x-10+2=4x—4

6x=4

4 2

X=—=—

6 3
9 6—f:6+é
x x
6x—4=6x+5

-4 #5

No solutions

1 4
10- 2—?:2*'?
232 —1=2x>+4

-1 #4

No solutions

9x 4

3x—1 3x+1
9x(3x+1)-4(3x-1)=3(3x—1)(3x+1)

11.

27x° +9x—12x+4=3(9x2 —1)

27x* —3x+4=27x"-3
—3x=-7

7
xX=—
3

Chapter 2 Review

5 1 2
=+ =
x=5 x+5 x*-=25
5(x+5)+(x-5) 2
x> =25 X -25
6x+20=2
6x=-18

x=-3

12.

13. September’s profit + October’s profit = 689,000
Let x = September’s profit. Then
x+0.12x = October’s profit.

x+(x+0.12x) = 689,000

2.12x = 689,000

x =325,000

x+0.12x =364,000
September: $325,000; October: $364,000

14. Let x = the number of quarts of pure antifreeze.
30% of (10 — x) +100% of x =50% of 10
0.30(10—x) +1.00x =0.50(10)
3-0.30x+1.00x=5

0.70x=2
2
X =—
0.70
= 2 = 29 liters
7 7
15. (a)
h
2 mk
8m 75 cm
h 2 8
b —=—=x
8 3/4 3
64

h= = 21% meters

3
16. 12,000(0.025)+10,000x =870
10,000x = 570

x=0.057, or 5.7%

207
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208 Chapter 2 Solving Equations and Inequalities

17. F = %c +32 23. 5(x-2)-1=0
2
F-3=2c 7
5 -4 8
5
2(F-32)=cC
9( )
Let F = 28.3. -6

5 Solution: x=2.2
5(28.3 - 32) =C
24. 12-5(x-7)=0

5
JE3n=c .
~206 = C \
The average temperature is about —2.06° C. -8 \ %
15 ~10
18. Basketball: 27zr =30 =>r=—
4 Solution: x =9.4
3
4 5 4 (15 .3
V—gﬂ'r —57[(7] =~ 455.95 in. 25, 3X2 +3 = 5x
3 —5x+3=0
Baseball: 2777 =9.25 = r = 22> T
2 8
3
\% =i7r 2 =13.4in.?
3 2w
19. —x+y=3 -1 3

0
Let x=0: y=3, y-intercept: (O, 3)
No real solution
Let y=0: x=-3, x-intercept: (-3, 0)

13 —
20. x-5y=20 26. 04 =2

Let x=0: -5y=20= y=—4, y-intercept: (0, —4) lx3 oy 44 =0
Let y=0: x—5(0)=20=> x =20, x-intercept: (20,0) 3

8
21. y=x"-9x+8=(x-8)(x—1) J
Let x=0: y=0"-9(0)+8=y=8, » /\ .
y-intercept: (0, 8) ! -
Let y=0: 0=x"-9x+8=0=(x-8)(x~1)

= x =1, §, x-intercepts: (1,0), (8, 0)

Solution: x = —3.135

27. 03x* =5x +2

_ 2
22, y=25—x 03x* - 5x-2=0
s .
Let x=0: y=25-(0) = y=25, .

-2 4 ' 4

y-intercept: (0, 25)
Let y=0: 0=25—-x" =(5—x)(5+x)
= x =15, x-intercepts: (5, 0), (—5, 0)

-9

Solutions: x = —0.402, 2.676
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Chapter 2 Review 209

28. 0.8x* = 05x -5 32. y=—x+7

_n3_
08x* —05x+5=0 y=2x"—x+9
9 23 —x+9=—x+7

\j 2x’+2=0

X+1=0

(x+1)(x2—x+1)=0:>x=—1

-3 3
° =y=—(-1)+7=8

No real solution (x, y)z(—l, 8)
29. 3x+5y=-7 .

e 2y=3ma=2y-3 33. 3-./-16 =3—-4i

3(-2y-3)+5y=7 34. (/=50 + 8 =8 + 5\/2i

-y-9=-7
y=-2 35. i+ 4% = —i + 4(-))
x=-2(-2)-3=1 =—-4-i

x, y)=(1, =2

(2= ) 36. 7i — 9 =7i —9(-1)

30. x-y=3 =9+7i
2x+y=12=y=-2x+12

—(-2x+12)=3 37. 2+ 13))+ (6 - 5i) = (2 +6) + (13 - 5)i

=8 +8i
x+2x-12=3
3x-12=3
38. l.{.ﬂl_l_ﬂl :l_l+£+£i
3x=15 2 4 2 4 2 2 4 4
x=5
5—y=3=>y=2 :0+¥i
(x.9)=(5.2) NG
=—1
2
31. 4x* +2y =14
2x+y=3=y=-2x+3 39. 5i(13—8i)=65i —40i" =40 +65i

4x% + 2(—2x + 3) =14
, 40. (1+6i)(5-2i)=5-2i+30i+12=17+28i
4x° —4x+ 6 =14

47 —4x-8=0 41, (V=16 +3)(v-25 —2) = (4i +3)(5i-2)
¥ -x-2=0 =-20-8i+15i-6
(x=2)(x+1) =0 =-26+7i
r-2=0=>x=2 42, (5—=4)(5+4) = (5-2i)(5+2i)
y=-2(2)+3 = -l i
=25+
(X, y) = (2’_1) :29
x+1=0= x=-1
y o2l 43S 43. J-9+3+-36 =3i+3+6i
=3+9i
(v.9) = (-1.5) ’

4. 7-~-81+~-49=T7-9i+7i

=7-2i

45. (10-8i)(2—-3i)=20—-30i —16i +24i’
=—4—46i
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210 Chapter 2 Solving Equations and Inequalities

46. i(6+i)(3-2i)=i(18+3i—-12i+2) 5. X -7x-8=0
i(20-9i) =9+ 20i (x=8)(x+1)=0
x-8=0=x=38

47. (3+7i) +(3-7i) =(9+42i—49) + (9 42i - 49)

x+1=0=x=-1
=-80
, . 58, x2+3x-18=0
48. (4—i) —(4+i) =(16-8i—1)—(16+8i—1
(4=i)' = (4+1) =(16-8i=1)~(16+8i-1) (e -3 = 0
=—16i
x+6=0=x=-6
. . . . 2 p— —
19. 6-.|-l=6-.i-l__l.= 61.21 x—-3=0=>x=3
l l —1 —1 )
—6i 59. (x+4) =18
6l g (x+4)
x+4=i\/ﬁ
4 4 - 4 4, x=—4£32
50, —=— —=—=—j
-3 3 -i 3 3 R
60. (x+1) =24
51, 3*2 5-i_15+10i-3i+2 xt+1=224 =26
5+i 5-i 25+1 %
7 7 x=—1%£246
2%4‘%1
6L. 3x -1 +4=0
s, 02N 22 (Br =) = 4
+3i 2-3i +
19 17, 3x-1==%/-4
1315 3x — 1 = +2i
3x=1%£2i
53. 9x2 = 49 1 2
49 x=—-*—
@ = 3 3
9
2
[ ) 62. (5x-3) +16=0
) 0 (5x -3 = -16
=i7
x 3 5x —3 = +./-16
S5x — 3 ==%4i
54. 8x = 2x? 5x =3+ 4i
0 =2x? - 8x 3 4
x=—-x—
0 = 2x(x — 4) 55

63. X2 +4x-9=0

¥ 4+dx+4=9+4

55 6x=3x" (x+2)° =13
A2
0=3x —ox x+2 =413
O=3x(x—2) 2+ B

3x=0=x=0
x—-2=0=>x=2

56. 16x* =25
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64. x> —6x-5=0
XX —6x=5
X -6x+9=54+9
(x =37 =14
x—-3==+J14
x=3i\/ﬁ

65. x*—12x+30=0
x*—12x=-30
X —12x+36=-30+36
(x-6)" =6
x—6=+J6
x=6i\/€

66. x*+6x-3=0
= —b++b*—4ac
2a
—6+.,/6°—4(1)(-3)
2(1)
_ —61+/48
2

=-3+2/3

67. x* —3x = 28
x> =3x-28=0
(x=7x+4 =0

x—-7T=0=>x=7
x+4=0=>x=-4
68. X2 +3x =40
¥ +3x-40=0
(x—S)(x+8)=O
x—=5=0=>x=5
x+8=0=x=-8
69. ¥ -10x =9
x% —10x + 25 = 9 + 25
(x - 5)° = 34
x—5=+4/34
x=5+-/34
70. ¥ +8x =7
¥ +8x+16=7+16
(x +4) =23
x+ 4 =+/23
Xy g3

Chapter 2 Review

7. 2x°+9x-5=0
(2x-1)(x+5)=0

1
2
x+5=0=>x=-5

2x-1=0=>x=

72. 4x* +x-5=0
(4x-5)(x-1)=0
5
dx+5=0=>x=——
4
x—1=0=>x=1
73. —x*—x+15=0

X +x-15=0

o —bt+/b* —dac

- 2a

1%\ [1-4(-15)
2
—1+4/61

2

74, —x* -3x+2=0

X +3x-2=0

.= —-b = ~Nb* - 4ac
2a
) =0 - a2)
2(1)
_ -3£+9+8
S —
_ -3+417
S
75. x*+4x+10=0
—b++/b* —4dac
B 2a
_ —4+16-40
S —
_—4+[24
——
=—2+.J6i
76. x*+6x—1=0
b7
B 2a
—6+,/(6)" —4(-1)
—
_ —6+4/40
=—
=-3+4/10

211
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212 Chapter 2 Solving Equations and Inegualities

77. 2x*—6x+21=0 79. (a) %
o —b*+b*—4ac
2a
6+/36-168 o J
= 4 1000
6++/—132 (b) In 2008, the average cost per day reached $1800.
4 (c) 1800 = —0.547> + 82.6¢ + 1136
_3,43, 0 = —0.54r> + 82.61 — 664
2 2 5
~(82.6) + /(82.6)" — 4(~0.54)(~664)
78. 2x*-8x+11=0 =
2(-0.54)
p— A 2 p—
X =w t = 8.51,144.45 (not in the domain of the model)
a
In 2008, the average cost per day reached $1800.
8+./(-8)" —4(2)(11) , £ peraay
= (d) Answers will vary.
2(2)
_ 8x+-24
4
_8+26i
4
530,
2
80‘ (a) 10,000
0 15

(b) In 2010, the revenues reached $4 billion dollars.
(c) 4000 = 86.727t> — 839.83t + 2967.9
0 = 86.727t* — 839.83t — 1032.1

| —(-839.83) + (-839.83)" — 4(86.727)(~1032.1)
- 2(86.727)
—1.10 (not in the domain of the model), 10.79

t

0

In 2010, the revenue reached $4 billion.
(d) 10,000 = 86.727¢> — 839.83¢ + 2967.9
0 = 86.727t* — 839.83t — 7032.1

| —(-839.83) + \(~839.83)" — 4(86.727)(~7032.1)
2(86.727)
t = —5.38 (not in the domain of the model), 15.07

In 2015, the revenue will reach $10 billion.
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81. 3x°—-26x*+16x=0 88.

x(3x2 —26x+16) =0
x(3x—2)(x—8)=0

x=0
3x—2=03x=2
3
x—-8=0=>x=8
89.
82. 36x°—x=0
x(36x" —1)=0
x(6x+1)(6x-1)=0
x=0
1 90.
6x+1=0=>x=——
6
1
6x—-1=0=>x=—
6
4 3_
83. s5x'*-12x'=0 o1.
x3(5x—12)=0
=0 or 5x-12=0
x=0 x=4

84. 4x’-6x>=0

x*(4x-6)=0
X*=0=> x=0
4x-6=0=> x=2

85. x'—x*-12=0

(#* =4)(x*+3)=0 92,
X —4=0 or x*+3=0
x’=4 X' =-3
x=tJ4 =42 x =13
86. x'—4x*-5=0
(¥ -5)(x*+1)=0
¥*=5=0 or x*+1=0
x*=5 x=-1
xzi'\/g x=i\/——1=il
87. 2x'-22x+56=0
(¥ —4)(2x* -14)=0
xX*—4=0 or 2x*-14=0
x*=4 2x* =14
xziﬁziz X =
xziﬁ

Chapter 2 Review 213

3x +18x* +24=0
x'+6x*+8=0

(x2 +4)(x2 +2) =0

X +4=0 or x*+2=0
XX=—4 xX==2
x=tJ—4 =42 x=4J=2 =+2i
x+4=3

(\/x+4)2 =(3)
x+4=9

x=5
x—-2-8=0
Jx—2=8
x—2=64
x =66
2x-5/x+3=0
2x +3 = 5Ux
(2x +3)* = (5\/})2

4x* +12x + 9 = 25x

4x7 - 13x+9 =0

(4x-9)(x-1) =0

4x-9=0= x = 2
4
x—-1=0=>x=1

V3x-2=4-x

3x—2=(4—x)2

3x=2=16-8x+x’
0=18-11x+x’
0=(x-9)(x-2)

0=x-9= x =9, extraneous

0=x-2=>x=2
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214 Chapter 2 Solving Equations and Inegualities

Px+3+/x-2=2 97.

3+4/x
(\/2x+3)2=(2—\/ —2)2
2x+3=4—-4yx—-2+x-2
x+1=—=4Jx-2
2 2
(x+1) =(—4\/x—2)
X +2x+1=16(x-2)
x> —14x+33=0
(x=3)(x-11)=0
x =3, extraneous or x =11, extraneous

No solution (You can verify that the graph of

y=+/2x+4+3 ++/x—-2 -2 lies above the x-axis.) 98.

94. 5Vx—Jx-1=6
SVx =6+x—1
25x=36+12Jx—1+x—1
24x-35=12Jx—1
576x” —1680x +1225=144(x—1)
576x" —1824x+1369=0

~(~1824) J_r\/(—1824)2 —~4(576)(1369)

X =

2(576) 99,

1824+./172,800 1824 +2404/3

1152 1152

38453

24

38-5\3
24

, extraneous

95, (x—1)""-25=0

(x—1)" =25

(x—1) =25’
x—1=425’

x=1%125
x=126 orx =—124

96. (x+2)"" =27
x+2=27"
x+2=81

x=79

100.

101.

(x+4

x+

+5x(x+4)3/2 =0
4)"[1+5x(x+4)]=0

(x+4)" (5x +20x+1)=0

(x+4) or 5x*+20x+1=0
x=—4 _ —20£+400-20
10
204295
10
x=—2¢@

(x=2)"(x

8x’ (x2 —4)1/3 +(x2 —4)4/3 =0

(x2 — 4)1/3 [8)52 +x - 4] =0

(v =4)" (9x

+2)" (3x=2)(3x+2)=0

3x7 +5x—-2=0
(x+2)(3x—1)=0

x+2=0=>x=-2

3x—1=0:>x=l

5 3
— =1+
X x+2

S(x + 2) = x(x + 2) + 3(x)

5x +

S5x +

10 = x* + 2x + 3x
10=x*+5x+5
10 = x?
10 = x

P-4)=0

x—2=0=>x=2
x+2=0=>x=-2
3x-2=0=>x=2%

3x+2=0=>x=-2%
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Chapter 2 Review 215

2. S48 3 104. X 3
X x+5 x> -1 x+1
6(x + 5) + 8(x) = 3(x)(x + 5) 2x 3 _1
6x + 30 + 8x = 3x> + 15x (x=1(x+1) x+1
0 =32+ x — 30 20 =3(x—1) = (x = I)(x + 1)
0 = (3x + 10)(x - 3) 2x-3x+3=x" -1
10 X+x-4=0
3x+10=0=> x = —
3 b+ /b — dac
x—-3=0=>x=3 x = 2a
—(1) £ +/(1)" = 4(1)(-4
103. 3+E=2 _ -~ =) - 4(1)-4)
X X 2(1)
3x2+2x=16 —li\/ﬁ
33 +2x—16 =0 = 2
3x+8)(x —2) =0
(Bx + §)x =2) g 105, |x-5/=10
3x+8=0:x=—§ x—=5=-10 orx—-5=10
x—-2=0=>x=2 x=-5 x=15
106, [2x+3|=7
2x+3=7 or 2x+3=-7
2x=4 2x=-10
x=2 x=-5

107. | -3|=2x
X’ -3=-"2x
X +2x-3=0
(x+3)(x+1)=0

x=-3orx=1

X’ -3=2x or
X =2x-3=0
(x—3)(x+1)=0

x=3o0orx=-1

The only solutions to the original equation are x =3 orx =1, (x =-3andx=-1are extraneous.)

108. |x2—6|=x
X —6=x or X —6=—x
X -x-6=0 X 4+x-6=0

(x—3)(x+2)=0

(x+3)(x—2)=0

x=3=0=x=3 x—2=0=>x=2

x+2=0= x=-2, extraneous x+3=0= x=-3, extraneous
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216 Chapter 2 Solving Equations and Inegualities

109. Let x =number of investors.
240,000 _ 240,000
X x+2

(x(x+ 2))(240’000j = (24)(0;0;0 + 20,000)(x(x +2))

+20,000

X
240,000(x + 2) =240,000x + 20,000x(x + 2)
240,000 + 480,000 = 240,000 +20,000x" + 40,000x
20,000x” +40,000x — 480,000 = 0
X +2x-24=0
(x+6)(x—4)=0
x+6=0 or x—-4=0
x=-6 x=4

(x=-6 is not in the original domain.)
There are 4 investors currently in the group.

110. Let x =number of students.
1700 1700
X x+6

(x(x+6))[@j :(%+7.50j(x(x+6))

X X+

+7.50

1700(x +6) =1700x +7.50x (x +6)
1700x +10,200 =1700x + 7.5x" + 45x
7.5x* +45x-10,200=0
75x” +450x — 102,000 =0
3x° +18x—4080 =0
X +6x-1360=0
(x+40)(x-34)=0
x+40=0 or x—34=0
x=-40 x=34
(x =—40 is not in the original domajn.)

There are 34 students currently in the group.

111. Let x = average speed originally from Portland to Seattle.
145 145 12

X x+40 60
5x(x+40)(%) :(xljio +%](5x(x+40))

725x +29000 = 725x + x* + 40x
x* +40x-29,000=0
Using the Quadratic Formula:
—40+ \/(40)2 — 4(1)(~29,000)
xX=
2(1)
—40+./
_ ZA0£4117.600 2117’600 ~151.5 mi/h
So, on the return trip from Seattle to Portland, the average speed is x+40=191.5 mph.
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112. Let x = average speed on the first trip.
56 56 1

x x+8 6
56(x+8)=56x+%x(x+8)
448=%x(x+8)

X2 +8x—2688=0
(x—48)(x+56)=0

x =48
So, the average speed on the return trip is
48+8 =56 mph.

5. @) | yeur 2000 | 2001 | 2002 | 2003 | 2004
Enrollment | 3 5 | 317 | 305 | 333 | 3.40
(in millions)

Year 2005 | 2006 | 2007 | 2008 | 2009
Enrollment "} 5 ¢ | 355 | 362 | 3.60 | 3.76
(in millions)
Year 2010 | 2011 | 2012
]?nrol.ln}ent 383 | 380 | 3.96
(in millions)

().

(c) In 2005, the number of students reached 3.5 million.
(d) Find r when S = 3.5.

~0.51049¢ + 9.5287 = 3.5

2
(/0510491 +95287) = (3.5)°
0.510497 + 9.5287 = 12.25
051049 = 2.7213
t ~ 533

In 2005, enrollment reached 3.5 million.

0

113.

114.

Chapter 2 Review

r nt
a=rf1+2]
n

12(6)
1196.95 = 1000(1+éj

72
1.19695 = 1+
12

172

,
1+ =(1.19605
t 5= )

r=0.03, 3%
’ nt
A= P(l +—]
n
(10)
2465.43 = 1500(1+£]

40
1.64362 = (1+1J
4

1+ % =1.64362"4

r=0.05, 5%

217

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

College Algebra Real Mathematics Real People 7th edition Larson Solutions Manual


https://testbank.online/books/9781305071728-solutions

218 Chapter 2 Solving Equations and Inegualities

(e) Findtwhen S = 6.

~0.51049¢ + 9.5287 = 6

(\/0.510491 + 9.5287)2 = (6)°

0.51049¢ + 9.5287 = 36
0.51049¢ = 26.4713
t = 51.85

In 2051, enrollment will reach 6 million.
Answers will vary.
(f) Answers will vary.

0

116. (@) | yeur 2003 | 2004 | 2005 | 2006 | 2007
Population | o7 | g03 | 8.02 | 801 | 8.03
(in millions)
Year 2008 | 2009 | 2010 | 2011 | 2012
Population 1 ¢ 5c | ¢ 17 | 818 | 826 | 836
(in millions)
b

oll. .=
8

(c) In 2010, the population of New York reached 8.2 million.
(d) Find t when P = 8.2.

15

J0.1329612 — 1.4650f + 68.243 = 8.2

2
(\/0.13296t2 — 146501 + 68.243) = (82)’

0.13296¢% — 1.4650¢ + 68.243 = 67.24
0.132961* — 1.4650¢ + 1.003 = 0

3 —(—1.4650) + \/(—1.4650)2 — 4(0.13296)(1.003)
2(0.13296)
0.73 (not in the domain model), 10.28

0

t

In 2010, the population of New York reached 8.2 million.
(e) Find t when P = 8.5.

J0.1329612 — 1.4650f + 68.243 = 8.5

2
(\/ 0.132961> — 1.46501 + 68.243) = (8.5)
0.132961% — 1.4650¢ + 68.243 = 72.25
0.132961> — 1.4650¢ — 4.007 = 0

—(—1.4650) + \/(—1.4650)2 - 4(0.13296)(—4.007)
2(0.13296)
—2.27 (not in the domain model), 13.29

N
Il

t

0

In 2013, the population will reach 8.5 million.
Answers will vary.
(f) Answers will vary.
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117. 8x-3<6x+15
2x<18
x<9

(== 9)

-1 0123456738910

118. 9x-8<7x+16
2x <24
x<12
(e, 12]

h | '
3 t
9 10 11 12 13

119. L(3-x)>1(2-3x)
3(3-x)>2(2-3x)
9-3x>4—-6x
3x>-5

_5
X>—3

120. 4(5-2x)2

322>15x

<32
T

32
oo 2
( ’w}

)
[§}

2

4 4
t

3 4

Nk

0 1

121. 2<—x+7<10
-9<—x<3
9>x2>2-3
-3<x<9

3.9)

L 3
' |13 7
-6 -3 0 3 6 9

122. -6<3-2(x-5)<14

—-6<13-2x<14
—-19<-2x<1
%2x>—%
—1<x<®

_1 19

272
_1 1
2 2
Y AT R S T T S T h

}

)
=1 Ol 2304 5pbm7ms 9plo

123.

124.

125.

126.

127.

128.

Chapter 2 Review

|x| <4
—4<x<4
(4. 4]
C ¥ ¥ 1 *
-4 -2 0 2
|x—2<1
-l<x-2<1
1<x<3

(13)

4 L kY
' \ 7
0 1 2 3

3 3
[e=31>3
3 3 3 3
X—7<—7 or X—3>7
x<0 or x>3
(. 0) 0 (3. =)
——)—f——
-3-2-1 0 1 2 3 4 5
|x—3|=4
x=324 or x-3<4
x>7 x<-1

(v, =1]0[7. =)
-2-1 0123456789
4p—24s16
|3-2x<4

—-4<3-2x<4
-7<-2x<1

|
SIS
SIS
| —

-
kel 10 |

t t t
1 2 3 4

|
o

|x+q+7>19
|x+9]>12

x+9>12 or x+9<-12
x>3 x<-21

(= =21).(3 =)

-24 -18 -12 -6 0 6

219
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220 Chapter 2 Solving Equations and Inequalities

129. x*=2x>3 133. X —16x20
x*=2x-3>0 x(x—4)(x+4)20
(x—3)(x+1)>0 Key numbers: x=0,x=4, x=—4
Key numbers: x=-1, x=3 Test intervals: (—oo, —4), (=4, 0), (0, 4), (4, )
Test intervals: (—eo, —1), (=1, 3), (3, ) Test: Ts x(x—4)(x+4) 2 0?
Test: Is(x—3)(x+1)>0? Solution set [_4’ 0], [4, oo)
Solution set: (—eo,—1) (3, o) —3 + f——
Ly . . 4 2 0 2 4 6
EEEEREERE 134. 12x° —20x° <0
130. X —6x-27<0 4x*(3x-5)<0
(x—9)(x+3)<0 Key numbers: x=0, x=3%

i (oo 5) (5 e
Key numbers: x=—3, x= 9 Test intervals: (—e,0), (0, 3), (3, )

Test intervals: (—<>°, —3), (—3, 9), (9, <><>)
Test: Is (x—9)(x+3)<0?

Test: Is 4x° (3x—5)<0?
Solution set: (—ee, 0), (0, %)

w

3
Solution set: (—3, 9) — }+—>x
-2 -1 0 1 2
— .
T T N 71
-9 -6 -3 0 3 6 9 12 1
135, —+3>0
131. 4x* —23x<6 X
4x° =23x-6<0 1+3x
(x=6)(4x+1)<0 x )
1 Key numbers: x = —,x = 0
Key numbers: x =6, xz—z 3
Test intervals: (—oo, —%), (—%, 6), (6, oo) Intervals: [—oo, —%], (—%, O), (0, =)
Test: Is (x—6)(4x+1)<0?
Test: I 1+3x 07
Solution set: [—%, 6} est: Is X >V
1
‘_4,‘ . Solution set: [—oo, —lj U (0, °°)
Tt T 1 * 3
-1 0 1 2 3 4 5 6 7
-3
132. 6x + 5x > 4 e
6x> +5x—-420 9
(Bx+4)2x = 1) 2 0 136. oz
4 1 2 -x 2
K bers: x = ——, x = — x20
ey numbers: x 3 X 5 . 2
9 —
. AN (4 1) (1 >0
Test intervals: | —oo, —— |, | ——, — |, | =, o= X
3322 B-x6+x .,
Test: Is (3x+4)(2x—1)20? X B
) 4 1 Key numbers: x = =3, x = 0,x =3
Solution set: | —co, —— | U | —, o0
3 2 Test intervals: (—eo, —3), (=3, 0), (0, 3), (3, =)
4 1
3 2 3-x)(3+
. ]: 0 E . * Test: Is 4xm207
B 2 X

Solution set: (—eo, —=3] U (0, 3]

X
g4 “3g52 —l00 1 2.3, 4
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Chapter 2 Review 221

137, 3x+8 _4<0 141. (0.1)(3.69) = 0.369
x=3 =~ $0.37 per gallon
3x+8-4(x-3)
W <0 You may be overcharged $0.37 x 15 gallons = $5.55.
X—
20-x 142. |h-50| <30
¥=3 30<h-50<30
x—20
- >0 20<h <80
* Minimum 20, maximum 80
Key numbers: x=3, x=20
: . 143. (a) y
Test intervals: (—oo, 3), (3, 20), (20, oo)
_ g " o
Test: Is 20 >0? g o
x=3 & 37 °®
Solution set: (—<><>, 3) U[ZO, oo) § L e ®
T 5 o AA—————+—> x
o s 1050 65 70 75 80 85 90 95
+8 Exam score
138. 10 _2<0 o . . .
X+5 (b) Yes, the relationship is approximately linear. Higher
Y+8— 2( T+ 5) entrance exam scores, x, are associated with higher
<0 grade-point averages, y.
x+5
—>x-2 _, 144. (a) y
x+5

Key numbers: x=-5, x=-2
Test intervals: (—oo, —5), (—5, -2), (—2, oo)

Time to failure
(in hours)

_2<0?
x+5

Test: Is

5 10 1520 25 30 35
Solution set: (—00, —S)U(—Z, oo) Distance bent

(in centimeters)

S R S (b) Yes. Answers will vary.
-6 ! -4 7% 0 2
145.(a)
139. /16 - & g y
6 2 .
(4-x)[4+x)=0 Ei .
£ 1 o
Key numbers: x = —4, 4 3 s
Test intervals: (—co, —4), (=4, 4), (4, =) Tilme (; Secjnds)“
(4 — X)(4 + .X) > 0 on [—4, 4] (b) s=10t—0.4
Domain: [-4, 4] Approximations will vary.
(¢) s=9.7t+04; r=0.999
140. 4/x2 = 5x — 14 (@) s(2.5)=9.7(2.5)+0.4z24.7 m/sec

X =5x-1420

(x+2)x-7)20

Key numbers: x = =2,7

Test intervals: (—eo, —2), (=2, 7), (7, =)

(x +2)(x = 7) 2 00n (—eo, =2] U [7, o)

Domainis(=oes=2] Ws[75e)
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222  Chapter 2 Solving Equations and Inequalities

146. (a) y = —0.0089x + 4.086 151. They are the same. A point (a, 0) is an x-intercept if it is a
(b) 42 solution point of the equation. In other words, a is a zero
s of the function.
o 152. ax+b=0.x=—£. Then:
- W a
| M (a) Ifab>0, thenx<O.

(b) If ab<0, thenx>0.
(c) Answers will vary. Sample answer: Yes, the model

fits the data well. 153. The error is \/5\/3 #.(—8)(-8).

(d) Answers will vary. Sample answer: No, eventually o o_ 5 [o:_
the model will yield results including negative times In fact, =8 /=8 =/8i\8i =8,

that would be physically impossible.
PRy v mp 154. The error is +/—4 # 4i. In fact,

147. False. A function can have only one y-intercept. —i( [4 _ 1) =—i(2i-1)=2+i.
(Vertical Line Test)

148. False. (1+2i)+(1—2i)=2, a real number. 155. (a) " =<i4 )10 =1°=1
149. False. The slope can be positive, negative, or 0. (b) i*= i(‘ﬂ) = i(l) =i
150. An identity is an equation that is true for every real © "=23"

number in the domain of the variable. A conditional
equation is true for just some (or even none) of the real
numbers in the domain.

Chapter 2 Test

(
() 7= (") ==i(1)=—i

L2 9. T g 8450 _ 8450 i
X X 1 1 —1
2213 _ —8i - 5i
X - _l.z
39=13
i ~8i - 5(-1)
3=x=>x=3 = =\
-(-1)
2 e I =5-8i
3x-2 3x+2
4(3x+2)-9x(3x-2)=-3(3x-2)(3x+2) g (2i-1) 2-3i 6-2+4i+3i
122+8-27x +18x = -3(9x° — 4) (3i+2) 2-3i 4+9
276 +30x +8 = —27x> +12 :%+%i
30x=4
=2 9. f(x)=3x"-6=0
15 x=t1.414
3. (-8-3i)+(-1-15i))=—9-18i | 2 )
-6 6
4. (10++=20) - (4=~=14) =6+ 2/5i +14i
=6+(2v5 ++14);

5. (2+i)(6-i)=12+6i-2i+1=13+4i

6. (4+3i) —(5+i) =(16+24i—9)—(25+10i 1)
=-17+14i
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10. f(x)=8x"-2=0
x=%0.5

-3

11. f(x)=x3—4x2+5x=0
x=0

6

N

12. f(x)=x-x"=0

13. x> —15x+56 =0

(x—7)(x—8)=0
x=7=0=x
x—8=0=x

14. X¥*+12x-2=0

_ —b*~b*—4ac

a 2a

—12+,/12° —4(-2)
2
—12+/152
2
=—6+.38

15. 4x>-81=0

4x* =81
, 8l
T4

X

x=x=

0| o

Chapter 2 Test

16. 5x> + 7Tx+6 =0
‘= —b £ /b - 4ac
2a
2
_ —(M) () - 4(5)(6)
2(5)
_ —=7x£+49 -120
10
=T x /T
B 10
-7+ ~71i

10

17.  3x’—4x -12x+16=0
x*(3x—4)-4(3x—4)=0
(¥ —4)(3x-4)=0

X —4=0=>x"=4=12

3x—4203x=%

18, x+422-3x=6
m=6—x
22-3x=(6-x)’
22-3x=36-12x+x"
X —9x+14=0
(x—2)(x—7)=0
x=2=0=>x=2

x—7=0= x=17, extraneous

2/3

19. (x2+6) =16
X +6=16"> =64
x*=58

x =158 =~ +7.616

20. [8x—1|=2I
8x—1=21 or —(8x-1)=21
8x=22 —-8x=20
x=4 x=—3

21. 6x-1>3x-10
3x>-9
x>-3

(-3.=)

-

¢ —
-4-3-2-1 01 2 3 45

223
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224 Chapter 2 Solving Equations and Inequalities

22. 2|x—§<10
|x—8/<5
-5<x-8<5
3< x <13

Solution set: (3, 13)

i |

A R S R S S R
s x
3

7
4 56 7 8 910111213

23. 6x* +5x+120
(3x+1)(2x+1)20

Key numbers: x=—1, x=—

1
2
Test intervals: | —oo, —l s —l, —l s —l, b
2 2 3 3

Test: Is (3x+1)(2x+1)>0?

Solution set: (—0<>, ——), (——, <><>)

Chapters P-2 Cumulative Test

14x*y? X

1L —2 == xz0
32x7'y* 16y *
2. 8J60 — 24135 =15 =164/15 = 6/15 = /15
=915

3. J28xY =2x2yﬁ

4. 4x—[2x+5(2—x)|=4x—[-3x+10]
==10+7x =710

24,

25.

26.

8—5x£_2
2 + 3x
8=5¢ r<o
2 + 3x
8 — 5x + 2(2 + 3x)
<0
2 + 3x
x+12S
2 + 3x

2
Key numbers: x = —12, x = —g

Test intervals: (—eo, —12), [—12, _E} (_E’ oo]
3 3
Test: Is X+ 12 < 0?
2 + 3x

Solution set: (—oo, —%]

~e oo

E
L
-12-10 -8 -6 -4 -2 0

+ x
2

—16¢% + 224t > 350
—161> + 224t — 350 > 0

—(224) £ \/(224)" - 4(-16)(~350)

Key numbers: ¢t =

2(-16)
t =18, =122
Test intervals: (—e, 1.8), (1.8,12.2), (12.2, =)
Test: Is —161% + 224t — 350 > 0?
—1612 + 224t — 350 > Oon (1.8,12.2)

The projectile exceeds 350 feet over the interval (1.8
seconds, 12.2 seconds).

C = 2485t + 30.36

85 = 2.485t + 30.36
54.64 = 2.485¢
t = 21.99

In 2021, the average monthly cost of table will be $85.

(x—2)(x2 +x—3)=x3+x2 —3x-2x"-2x+6

=x—x*-5x+6

21 2(x+1)=(x+3)

x+3 x+1 (x+3)(x+1)
_ x—1
(x+3)(x+1)

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

College Algebra Real Mathematics Real People 7th edition Larson Solutions Manual


https://testbank.online/books/9781305071728-solutions

Chapters P-2 Cumulative Test 225

736~ (x - 4) = [6 - (x - 4)][6 + (x - 4)] 14, y=\i-x

=[6—x+4]6+x-4] Y
(=x + 10)(x + 2)
—(x = 10)(x + 2)

8. x—5x"—6x"= —x(6x2 +5x—1)
= —x(6x— 1)(x+ 1)
= x(x+ 1)(1—6x)

84
9. 54-16x" =2(27-8x") 15. (@ 510pe=_5_—(_1)=—1
=2(3-2x)(9+6x+4x7) y=8=—1(x+5)
y=—x+3
~7/2)+(5/2), 4+ (-8
10. Mideintz(( ) (/2) ( )) x+y=3
| (b) Three additional points: (—1, 4), (0, 3), (1,2)
=(_5’ _2] (Answers not unique.)
5 7)Y 2 16. (a) IR
Distance = (5—[—EJJ +(-8-4) . Y= B
y—=1=-2x-1
=/36+144 =
=180 2x+y=0
=6V5=13.42 (b) Three additional points: (0, 0), (1, —2), (2, —4)

1 (Answers not unique.)
11. Center: (—5, 8j=(h, k)

17. (a) Vertical line: x=-2 orx+2=0

Radius: r=4 (b) Three additional points:

2

3 3 3
" (0, (3 0) (42
2 (Answers not unique.)
12. x-3y+12=0 18. 6x—y=4 hasslope m=6.
—3y=—-x-12 (a) Parallel line has slope m =6.
y=24i4 y—3=6(x-2)
3 y=6x-9

(b) Perpendicular line has slope m = —é.

y=3=—¢(x-2)
y=—+x+2
19. ==
fx)=—=
5 s
@ 1625573

(b) f(2) is undefined.
S+4s  S+d4s

x 4s) = =
© S (5+4s) (5+4s)-2 3+4s
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226 Chapter 2 Solving Equations and Inequalities

20 3x—8, x<0 26. No, for some x-values, correspond two values of y.
) f(x)— X 4+4,x20 27. 40
(@ f(-8)=3(-8)-8=-32 \
—0? 44—
(b) f(0)=0"+4=4 . . i
© f(4)=4+4=20

-15

Decreasing on (—oo, 5), increasing on (5, oo)

21, (oo, o)
22. 5+7120 28. (a) r(x) = v/x = L f(x)is a vertical shrink of £
7t>-5 2 2
123 (b) h(x) = ~/x +2 = f(x) + 2a vertical shift two
[_%, oo) units upward of f.
(c) g(x) =—x+2= —f(x + 2) is a horizontal shift
23. 9-5"20

two units to the left, followed by a reflection in the
9> x-axis of f.

29. (f+g)(x):(x2+x)+(3x—2):x2+4x—2

. (o Hof-3 =)

25. g(—x) = 3(—x) - (—x)3
=-3x+x’ = —g(x)
Odd function.

30. (g - f)x) = (xz + x)(3x -2)- (x2 + x) =—x>+2x -2
3L (g ° f)(x) = g(f(x)) = [3()62 + x) - 2} =3x +3x -2

32. (f3)(x) = (x2 + x)(3x -2)=3x"—=2x* +3x" - 2x =3x" + x* - 2x

33.  f(x) = =5x + 4 has an inverse function. 36. 4x° —12x* +8x =0
y=-5x+4 4x(x* =3x+2) =0
x=-5y+4 4x(x—2)(x—1)=0

¥—4=-5 4x=0=>x=0
y:x‘54 x-2=0=x=2
| x-1=0=x=1
f(x) = —=x+=
5 5
37. é = 10
s x x-=3
34. f(x) = (x — 1) is not one-to-one, so f'(x) does 5(x - 3) = 10x
not exist. S5x —15 = 10x
-5x =15

35, f(x) = 3/x + 2 has an inverse function.
y=\3/;+2 x =-3
x=23fy+2

x—2= \3/;

y=()c—2)3
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38 [3x+4[-2=0 42. [7+84>5
|3x + 4] =2 7+8x>5 or 7+8x<-5
3x+4=-2 or 3x+4=2 8x>-2 8x<—-12
3x = -6 3x = =2
XxX>— X<—E
x==2 X = —%
3 1
(we= =3l =)
39, VX2 +14+x-9=0 e A=——g
-4 -3-2-1 0 1 2 3 4
N+l =-x+9
2 2(x-2)
2 = (- 2 43 <0
(\/x +1) (-x +9) —
x*+1=x* —18x + 81 Key numbers: x=-1, 2
18x = 80 Test intervals: (—oo, —1), (=1, 2), (2, )
_ 40 2(x—2)
X = Test: [s ——=<0?
9 x+1
Solution set: (—1, 2]
X —x
4. —-6<—+6
5 2 ———f—t——J——>
—4—3—2—]‘ 0 1 J2 3 4
%+§sn
4 3
7x 44, V=—nr=r=3—V
—<12 3 ar
10
3
120 =3—(370.7
(_oo, m} =~ 4.456 inches
o 45. (a) Letxand y be the lengths of the sides.
7 2x+2y=546 = y=273-x
16 7 18 ' A=xy=x(273—x)
41. 2x* +x2>15 (b) 2500
2x*+x-1520

(2x—5)(x+3)20

0 273
0

Domain: 0<x <273
(¢) If A=15,000, then x=76.23 or 196.77.

. 5 5
Test intervals: (—<><>, —3), (—3, Ej’ (E’ 00) Dimensions in feet:
76.23%x196.77 or 196.77x76.23

Key numbers: x=-3, %

Test: Is (2x—5)(x+3)20?

Solution set: (—00, —3] U{%, wj

[ nladbd

]
43-2-1 01 2 3 4
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46. (a)

6000 T
5000
4000 +
3000 +
2000 1+
1000 +

Profit (in millions of dollars)

McDonald’s profits appear to be increasing at a fairly constant rate.
(b) P = 403.05t + 722.69; r = 0.9811

( C) 7000

0 15
0

(d) 2015: P(15) = 403.05(15) + 722.69 = $6768.44 million
2018: P(18) = 403.05(18) + 722.69 = $7977.59 million

(e) Answers will vary. Sample answer: Yes, if the net profits continue to follow the model, it can be used to predict
future years.
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